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 I. Executive Summary and Recommendations 
 
 With the recent interest in rural agricultural development, and the governmental aid given in 
order to implement these farms, a discussion of the research showcasing the best possible 
strategies in aquaculture farming for the region is even more applicable. This analysis gives an 
overview of prawn farming and maintenance, as well as the option to implement a concurrent 
farming system that would create a sustainable farm. Through case studies and further research 
into rice cultivation, recommendations are provided regarding how this system should be 
approached, specifically in the village of Vuisiga, Fiji. Recently, there was a breakthrough in the 
breeding in captivity of a similar prawn species to the one found in Fiji by graduate student Lal 
Monal, USP professor Johnson Seeto, and scientist/professor Tim Pickering from New Zealand. 
This was at the University of South Pacific and could have implications to the feasibility of 
production of prawn in Fiji (Lar 2010).  
 
Fijian Culture/Division of Labor 
The organization and responsibilities involved with this farming system should be consistent 
with the traditions of the Fijian culture and gender roles that take place. As such, males would 
be primarily responsible for the digging and construction of the pond as well as initiating any 
communication with government officials regarding the program and potential sale of the 
product. Females in the village would be primarily involved with the maintenance and harvesting 
of the prawn, as they presently have the most experience with prawn harvesting. It is 
recommended that one large commercial sized pond, approximately 50x20 square meters in 
size would be implemented and located near the back side of the village closest to the water 
source. This large pond would be maintained using a rotational system between the three 
mataqali in Vuisiga, with each mataqali taking responsibility of pond care over specific time 
frames. Another possible option would be for each mataqali to maintain their own small scale 
prawn farm, but as this would require more equipment and multiple water sources, one central 
pond seems more efficient. 
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Division of Labor Recommendations 
Coordinators 
with government 
officials  
The higher status males of the village should handle the coordination and 
communication with the government. 
Transportation/ 
Sales of products  
Males of the village, specifically the representative males of the mataqali 
would handle potential sales. 
Initial 
construction of 
ponds 
Males are traditionally responsible for the more physically demanding 
tasks, so they should handle the construction and maintenance of the pond 
including filling and draining of the pond when necessary. 
Introduction of 
prawn to pond 
The females should be responsible for the handling and introduction of the 
prawn to the pond. 
Feeding the 
prawn 
The females would be responsible for the daily feeding of the prawn. 
Harvesting/ 
processing of the 
prawn 
The females would be responsible for the harvesting and cleaning of the 
prawn since they have the most expertise in this area. 
 
Planting of rice The females would be responsible for the planting and maintenance of rice 
crop.  
Harvesting 
/processing of 
rice 
The females would be responsible for the harvesting and processing of the 
rice.  
 
Soil and Water Quality  
Soil and water quality are essential for a successful pond. It is important that the soil is tested 
prior to construction to ensure that it is sufficiently permeable and the soil particles are small 
enough for water to pass through. It is also recommended that the pond bottom be tightly 
compacted and lined with smooth rocks in order to prevent seepage and erosion. Lining the 
pond with clay, natural compounds, or rubber is also suggested for seepage and erosion 
prevention.  
 
Pond water must maintain standards necessary for the safety of prawn growth and survival. 
These standards include such elements as oxygen levels, pH balance, salinity, and temperature 
which all need to be monitored regularly. It is important that each pond have its own water 
source to prevent cross contamination and potential prawn loss. The consistent rainfall as well 
as the warm climate is beneficial in both prawn and rice cultivation. While this rainfall at times 
causes great flooding in the region this is rare, and heavy rains are necessary to keep the pond 
properly filled without the risk of depleting the primary water source in the region.  
 
Pond Construction Recommendations 
The recommended intensity for the type of pond being implemented in the village of Vuisiga 
would be between a Level 1 (extensive) and Level 2 (semi-intensive) type of pond (see pg 21 
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for explanation). This would require the most basic production involvement, with little additional 
stocking and feed required, and no pump would be necessary throughout the process.  
 
A Contour pond system is recommended for the village, is it requires no pump to fill or empty 
the pond; using gravity as its primary source for emptying the pond. The best way to achieve a 
successful contour pond would be to utilize land on a slight slope. This system would utilize a 
inlet pipe built above the water level, and an outlet pipe built under the water level that would 
allow for filling and emptying through gravity. These pipes entrances should be covered with a 
screen to prevent predators from entering the pond as well as loss of prawn. The pond banks 
should consist of flat, smooth land that is free of obstacles around the perimeter of the pond, 
and built up 30-60 cm over the highest water level to prevent flooding. The pond bank should be 
at least 1 m wide in order for workers to walk along them easily (see pg 30 for explanation). 
 
Pond 
Requirements 
Recommendation 
Pond Size  50x20 square meters is the recommended size for a small commercial 
pond. 
Pond location Near the back of the village on slightly sloped ground nearest to stable 
water source (further consultation with fisheries unit to determine exact 
location).  
Pond intensity A combined Level 1 and Level 2 system should be used, which would be 
the least extensive form of pond and would not require a pump. 
Pond depth Depth should be approximately 0.9 m deep. 
Pond 
embankments 
Should be 30 to 60 cm over the highest water level and one meter wide to 
allow workers to walk along easily. 
Pond 
temperature 
Pond should be between 14°-35°C at all times. 
Pond pH level Pond pH should be around neutral, from 6.7-8.6. 
Oxygen level Oxygen levels should not be less than 3 ppm, and the optimal level would 
be between 6-8 ppm. 
Pond lining Line with clay to reduce seepage and could add rocks in the bottom to 
prevent erosion. 
Pond type  Contour pond in order to drain using the gravity system as opposed to 
pumps. An inlet pipe should be above water level would fill the pond, and 
an outlet pipe to empty the pond. 
Pipes should have screens on them to block out predators and debris. 
Pond 
maintenance 
Pond should be completely drained and allowed to completely dry out for a 
few weeks at least once a year. 
Pipes should be kept clear of sediment to prevent clogging.  
Concurrent pond 
accommodations  
Trenches should be built for use as shelter for the prawn around the 
perimeter of the pond .5 m deep and 1 m wide.  
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Prawn Farming 
A combined system of farming should be used, which focuses on harvesting only the largest 
prawn first, and leaving the smaller prawn to continue growth. This will be achieved through cull 
harvesting, using a large net that extends across the pond. The net is then dragged along the 
bottom of the pond to capture large prawn. The holes in the net should be large enough that 
smaller, immature prawn can swim through. After most of the prawn are captured at the end of 
the season, the pond is then drained and the remainder of the prawn are harvested. In the 
concurrent farming system, the drainage method would have to be used. This system consists 
of draining the entire pond at the time of rice harvest, and all of the prawn would be collected 
simultaneously.  
 
The optimum feed used in prawn farming would supply them with abundant nutrients, including 
about 40% crude proteins. Currently, the feed most commonly used in Fiji prawn farming is the 
same pellet feed used in tilapia farming, which is acceptable. Lift nets should be utilized when 
feeding the prawn in order to regulate the amount of feed needed when feeding the prawn once 
a day. This also prevents from overfeeding as well as unwanted sediment created through 
uneaten feed because the excess feed remains in the net enclosure. 
 
It is crucial that the prawn be handled correctly after harvest, as it will determine the taste and 
quality of prawn for human consumption. Prawn should not be stacked when harvested, as it will 
damage the prawns’ vital organs and cause a “mushy” taste when eaten. It is also important that 
the prawn be cleaned thoroughly before transporting in order to keep it fresh. The prawn should 
have an initial cleaning, then be killed in a mixture of ice and water before transport.  
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Additional Prawn Farming Options   
Periphyton based prawn farming is also becoming a popular and sustainable form of farming in 
many regions. This system uses substrates that can ideally be stuck into the pond bottom 
vertically, such as branches or bamboo poles, that will accumulate algae used for prawn feed. 
This does not only produce natural feed for the prawn, decreasing the need to buy 
supplementary feed, but it also serves as shade and protection for the prawn from predators. 
This system can also be achieved through the use of rice stocks if utilizing our recommended 
concurrent rice/prawn farming method.  
 
Concurrent rice/prawn farming would maintain a pond consisting of both prawn and rice 
together creating a sustainable and complete farm of both starch and proteins for the village. 
The small modification required to the flooded rice pond construction would be the addition of 
trenches around the perimeter of the pond about .5m deep and 1m wide to shelter the prawn. In 
this method, prawn would provide additional natural fertilizer to the rice crop, and the rice crop 
would provide food and shelter for the prawn during growth. Rice varietals such as Boro and 
Aman rice have been used in aquaculture/rice farms in places such as Bangladesh, and could 
also be adopted in Fiji.  
 
 
Prawn Care Recommendations 
Optimum Feed  It would optimally supply them with 40% crude protein, and tilapia pellet 
food already used in Fiji farming is acceptable.  
Lift nets  Lift nets should be used to regulate the amount of feed, prevent 
overfeeding, and the presence of unwanted sediment.   
Cull Harvesting This would allow the largest prawn to be harvested with nets, leaving the 
smaller prawn for further development.  
Post-harvest Do not pile prawn on top of each other as it damages vital organs and will 
cause a “mushy” affect.  
Cleaning before 
transport 
Prawn need to cleaned and killed in a mixture of ice and water before 
transport. 
 
Additional option: Prawn care in concurrent farming 
Feeding prawn Rice will supplement some of the feeding needs through the periphyton 
algae system, but additional feed will be necessary. . Lift nets should be 
used to determine how much supplementary feed is needed. 
Protection of 
prawn 
Rice plants provide protection from predators as well as shade and 
shelter for the prawn. The rice plants also deter prawn theft. 
Prawn harvest The cull method cannot be used in the concurrent farming system. A 
draining method would need to be used. The pond will be drained at rice 
harvest and all prawn will be collected.  
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Steps in Implementing a Rice/Prawn Farm 
● Coordination with government officials for aid programs and sales 
● Initial construction of the ponds 
● Maintenance of the ponds 
● Planting of the rice 
● Introduction of the fish/prawn 
● Feeding of the fish/prawn 
● Collection of product at time of harvest 
● Processing of rice for consumption/storage/sale 
● Transportation of fish/prawn 
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II. Introduction  
 
With their shared ambition to make a difference and our desire to think outside of the box, the 
participants of this project were eager to learn about a culture and a crop they had little 
knowledge of previously. The participants consisted of graduating California Polytechnic 
University, San Luis Obispo students; three in the Social Sciences field, and two in Business. 
This two quarter long project (approx. 6 months) was led by Dr. Stern Neill of the Business 
College and Dr. Dawn Neill of Social Sciences. The Neills’ familiarity with Fijian culture and 
contacts in the region greatly aided the students in discovering the best possible prawn farming 
strategies for the particular village of Vuisiga in Fiji (Image 1). They worked in consultation with 
Ronetava Ronaivakulua, a native of Vuisiga with knowledge of native Fijian culture and Fijian 
developmental processes.   
 
The first half of this project was focused on obtaining general information on Fijian culture, 
environment, and government, while beginning to study general rice and prawn types. This 
period served as an introduction to extensively familiarize the students with a region they knew 
little about.  
 
The second half was more exclusively focused on studying several different farming options that 
would best benefit the Fijian people. Such options included prawn farming monoculture, rice 
farming monoculture, rice/fish farming, and rice/prawn farming. The students then provided 
instruction on how to successfully establish and maintain these ponds, how to harvest the crop, 
and how to care for the product post-harvest. Environmental implications were also looked at 
this quarter, in order to maintain sustainable farming methods. 
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Image 1: Vuisiga, Fiji (Vuisiga, 2011) 
 
 
III. Overview of Fijian Culture 
 
Social Hierarchy and Ideals 
A traditional Fijian village can most basically be broken down into family units that make up a 
mataqali, which is like a sub-clan or lineage group. Several of the mataqali make up the larger 
tribe or yavusa, and several yavusa make up the vanua, which is the larger group of people who 
are part of the same land area. Each person is more or less born into their place in society, an 
expected to act accordingly. They are ranked within their mataqali, the mataqali is ranked within 
the village, and so on. The most basic separation of status is in age everyone is expected to 
respect and obey their elders. The head of the family, usually the oldest male member, 
administers and leads the family within the village community (Ravuvu, 1993). 
 
Traditionally ideal behavior includes acting with respect and deference, and being attentive, 
humble, and compliant. Traditional values are still prevalent today, but influences from more 
individualistic western cultures have challenged them somewhat. More and more, some Fijians, 
mainly young adults, have been moving out of the community atmosphere of the villages to the 
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cities for more economic and educational opportunities. To try to combat this outward flow of 
people from traditional Fijian villages, the government in Fiji has been very effective at offering 
aid for rural development like prawn and rice farms (Brison, 2007). 
 
Gender Roles 
Males are the protectors of the family group, and represent the family when dealing with the 
larger village. Fijian culture is patriarchal and a child is generally born belonging to the father’s 
group. The males meet without women to come to final decisions, but this is certainly not to say 
that women have no influence on decisions made. Their considerations are taken into account 
and they can be represented through a male counterpart. Tasks can generally be separated into 
masculine and feminine groups. The feminine tasks include things like cooking, babysitting, net 
fishing, and prawn collecting. The masculine tasks are more physically demanding like 
construction, clearing land, or planting crops. Children can assist in household tasks as well. 
Once they are able to be out on their own, they are expected to be useful and sometimes help 
with catching prawn (Ravuvu, 1993). 
 
Reciprocity and A Culture of Sharing 
Reciprocity is a very large part of Fijian culture. The two most important values in Fijian society 
are respecting communal traditions and respecting others.  This emphasis on community and 
interconnectedness is supported through constant reciprocal giving and receiving (Brison, 
2007). It has traditionally been necessary for survival to share what one has for the benefit of 
the community, and giving has been ingrained in Fijian lifestyle. Besides being a survival 
technique, gift exchange is essential to keeping up social networks. Much of the social contact 
between people is accompanied by gift-giving (Ravuvu, 1993). There are different layers of 
meaning signified by gift-giving as well; for example it can be an indicator of social status of the 
individuals involved, and also the relationship between the individuals (Ravuvu, 1993). Even 
though some things may be changing, communal values are still strong. This is embodied in the 
concept of kerekere, which is “unconditional giving based on the concept that time and property 
is communal” (Starnes, 2009). This belief permeates every aspect of Fijian culture. 
 
Food sharing is integral to Fijian society as a survival technique as well as a reinforcement of 
social networks. It has historically been important to be interconnected because usually a 
person could not produce everything they needed to survive on their own and so were 
dependent on exchange with others to fill the gaps. This also provided a safety net during times 
of low harvest or food shortage. People are expected to be very generous with their food, and 
once something is opened or cooked, it is consumed until it is finished. If a household has some 
delectable food item, they will share it with the people around them instead of saving it for 
themselves at a later time. This stems from the fact that in the Fijian climate, it is difficult to store 
food for long periods of time, and pretty much everything is preferred fresh.  So it is better to 
have the maximum amount of people benefit from it at its best quality. Women always prepare 
more food than necessary in case of drop-ins, and the doors are to be left open during meals so 
passers-by can be encouraged to join the meal. Refrigerators have started to become more 
common making it possible to store food longer, downplaying somewhat the need to share for 
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survival purposes but food sharing is still extremely important for social purposes (Ravuvu, 
1993). 
 
Yaqona 
The drinking of yaqona is a good example of the value of sharing and is central to Fijian culture. 
It can be drunk at ceremonial events or less formal social occasions. The participants sit in a 
circle around a bowl of yaqona and drink it together, which can take several hours. It is an 
affirmation of shared values and displays a commitment to the group because participants put 
this social activity as priority over their individual tasks. In the ceremonial drinking of yaqona, the 
speaker introduces themselves as representing a larger group like a family or a village, a 
demonstration of the fact that people identify themselves in relation to their village not as 
individuals (Brison, 2007). 
 
This practice also reinforces social hierarchy. The order in which the yaqona is drunk is very 
important and starts with the highest ranked individual in the hierarchy and proceeds to the 
lowest in the hierarchy. The highest ranking person is usually the guest, followed by the Chief or 
person most closely associated to the Chief, and so forth. Brison found that people did not 
always agree of the exact order of these hierarchies, though, and there can be some 
discrepancy and differences of one’s view of their position compared to others (Brison, 2007). 
 
The Land 
In Fijian culture, the idea of land is completely interwoven with the society. The Fijian term for 
land, vanua, has physical, social and cultural dimensions to its meaning. It is part of every 
aspect of Fijian life; the societal, sacred, and personal domains cannot be explained without a 
description of vanua. The use of such a broad term shows the integration with the land that is 
basic to the Fijian way of life and personal identity. A person identifies themselves through an 
association with a certain land area and social units are identified with a particular territory.  The 
place that one is born is a source of power and identity in Fijian culture (Ravuvu, 1993). 
   
The literal soil, vegetation, and water make up the physical dimension of the land. This is 
separated into four classes; gardening, forest, founding ancestor’s house sites, and fishing area, 
with each class having specific beliefs and rules associated with them. The land and water 
areas were traditionally all considered vanua land and belonged to the people and was under 
the sole authority of the Turaga ni Vanua, or the head chief. More recently, the land has been 
registered under each mataqali which has given them legal rights over it, but they still recognize 
and pay tribute to the head chief and it is still somewhat considered communal land. The most 
important boundaries exist in the class of gardening land. These boundaries between land 
ownership are not usually clearly defined and exist mainly in the minds of the people affected by 
them. The social values of the culture make this possible. People are expected not to garden 
too close to each other because this would feel claustrophobic and appear greedy, which is a 
very undesirable trait in Fijian culture. Fijians generally have a “fear of being restricted for space 
[that] acts as a natural psychological barrier which is codified into the value system of the 
people” (Ravuvu, 1993). Traditionally, there has not been a major issue of discrepancy over 
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boundaries, but increased population means more land is needed and mental boundaries may 
be pushed to the edge, causing disputes (Ravuvu, 1993). 
         
The forest land was traditionally communally owned and available to all for communal use, but 
the Native Land Commission has had these lands registered to certain groups. It is available for 
communal use but now it is appropriate to ask the groups with rights to land before using it. 
Legal rights extend to the sacred land as well. Each mataqali has legal land rights over their 
ancestor’s house sites, but they always had control over these lands without legal sanction as 
well. Fishing grounds have not been legally sanctioned like the other areas. These areas are 
known as qoliqoli, and include all the water areas that a particular vanua has claimed as its 
traditional fishing grounds. The areas are open to use by the wider community of related 
kinsmen and are an extremely valuable resource because they give Fijians access to their most 
important source of protein: seafood. At certain times, tabus can be placed on water areas for 
reasons like funeral ceremonies or ensuring the area will be able to supply enough food for 
ceremonies, but these tabus are usually temporary (Ravuvu, 1993). 
         
The social dimension of the land is seen as very closely tied to the physical. Society is the 
human manifestation of the physical environment which belongs to the people and that the 
people belong to. The people are equated to the soul of the land. Each area claimed by a vanau 
has a system of values, beliefs, and a common way of doing things. Different areas within a 
village also call for different codes of conduct. For example people are expected to behave 
more reservedly and respectfully in the center of the village, where higher authority individuals 
live. The rules of the land have to be respected when planning to build anything and everyone 
has to agree that that space is acceptable to use (Ravuvu, 1993). 
 
Conflict Resolution 
Conflicts were traditionally expected to be expressed in public so that the spectators can act as 
arbitrators or referees. If there is tension between people, it is not to be discussed privately, but 
rather in a way that others can judge the situation. Because of the possibility of quick 
intervention, confrontations are not as violent or dangerous as a private confrontation could be. 
People act more rationally because they were in front of an audience (Ravuvu, 1993). 
 
Anthropologist Karen Brison, who lived in a Fijian village for some time studying the culture, saw 
in her village that this approach had become somewhat less common. People saw it as wrong 
to express these kinds of feelings in public and fighting was discouraged (Brison, 2007). Lonely 
Planet’s book on Fiji from 2009 describes face-to-face conflict as rare and frowned upon and 
impersonal forms of dissent, like letters to newspapers, are common (Starnes, 2009).  
 
When the conflict is something on a larger scale such as property damage, more drastic 
measures are sometimes taken. For example, when boundaries between farmland were 
perceived as being encroached upon and other less invasive attempts at containing them 
seemed to fail, one person might then damage the property of another (Ravuvu, 1993). Fire is 
also a tool used in conflicts. The Fijians traditionally use fire to cleanse buildings or artifacts of 
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evil spirits or disease (Ravuvu, 1993). This has translated somewhat to the burning of things 
that may be causing problems within a community.  
 
Theft 
Theft is not viewed the same way in Fijian culture as it is in western cultures. Western cultures 
are much more individualistic and people are more likely to want to keep their possessions for 
the benefit of their small, immediate family group. Individual possessions symbolize security and 
power. In Fijian culture, security and power are created through social networks within a 
community. Property is more communal and there is high value placed on sharing for the benefit 
of a community as a whole instead of individuals. Because of these values and views, theft is a 
less serious offense. There are also certain customs that facilitate transfers of goods between 
villages and people that look a lot like theft to non-Fijians.  
 
Fijian Culture in an Aquaculture/Rice Farming System 
 
Tasks 
The major tasks in an aquaculture/rice farm include: 
● Coordination with government officials for aid programs and sales 
● Initial construction of the ponds 
● Maintenance of the ponds 
● Planting of the rice 
● Introduction of the fish/prawn 
● Feeding of the fish/prawn 
● Collection of product at time of harvest 
● Processing of rice for consumption/storage/sale 
● Transportation of fish/prawn 
 
Any operation run in a Fijian village will have to follow traditional structures of power. For the 
village as a whole, the Chief and the Church are at the top of this structure, with respected 
elders and males very high up as well. These are the people that will need to be consulted for 
final decisions made about any development of aquaculture and rice farming operation. As 
mentioned previously, a village can be broken down into mataqalis or lineage groups. Within 
these there is a set authority structure as well, based on gender and age. The eldest males 
have the highest authority in the mataqalis, and so these would most likely be the ones dealing 
with government officials and organizing the transportation/sale of final products. There are 
different options for how tasks can be separated between mataqalis. One possibility which 
seems most efficient is the use of one large pond by all three mataqalis in a system where they 
would rotate responsibility for the pond, and in this system the representatives of the mataqalis 
would coordinate with each other to allocate the responsibilities. Another option would be to 
have three smaller sized ponds, with mataqali in charge of all the operations of one pond. In 
both scenarios, the rest of the tasks would be broken up in a way that fits division of labor 
structures in the village. 
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Since men are responsible for the more physically demanding tasks in Fijian culture, they would 
handle the initial construction of the ponds and the ongoing pond maintenance. The planting of 
the rice would fall under the female roles, and they would most likely handle the introduction of 
the fish or prawn into the system, as well as the day to day feeding. Females traditionally 
partake in the smaller scale fishing, as with nets, so they would probably collect the prawn/fish 
and rice at the harvest. 
 
Who the stakeholders are and how they affect the project is important. Stakeholders include all 
people who have a stake in the performance of the organization (Daft, 2010). For the Fijian 
aquaculture/rice project these would probably include everyone in the village; those participating 
in the farming and those who are not. Since the responsibilities are going to be separated per 
mataqali, anyone who is not participating as much as they should be will most likely face 
consequences within their mataqali in the manner they choose. 
 
Theft 
Having the structure of the farming operation fit into the mataqali system may alleviate many 
issues surrounding theft. Everyone in the village will be connected to one of the ponds, or pond, 
and will receive the benefits from it, so they should not be less tempted into theft. The presence 
of the rice canes would make it more difficult for theft of prawns/fish since they are more places 
for them to hide, making them less accessible. As for the rice, the harvest cycle may not allow 
for theft during the maturation so the only possibility would be after they it has been removed 
from the ponds and is in storage. 
 
Implications:  
● The traditional Fijian hierarchy and division of labor will determine how an 
aquaculture/rice farming project would run. 
● The primary roles of the males would consist of digging the ponds, building the 
necessary infrastructure, possible labor intensive preparation for transport, and 
communicating with government officials regarding the program.  
● The primary roles of the females in the village would be implementation, maintenance, 
harvest, and preparation of both prawn/fish and rice if applicable.  
● Conflict resolution and division of responsibilities should be handled within the mataqalis 
as appropriate or as they determine. 
● Three small ponds, one for each mataqali could be utilized, or one large commercial 
sized pond could be used in a rotation of responsibility system between the mataqali. 
● Combining rice and prawn/fish could decrease the possibility of theft since rice is not 
usable until matured and the prawn or fish are less accessible in the rice paddies. 
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IV. Geography of Fiji 
 
Basic Geography 
Fiji represents 330 islands of which about one hundred are inhabited by Fijians in the South 
Pacific.  The Largest island, Viti Levu is characterized by high dry mountains on the leeward 
side, and heavy rainfall on the windward, east side. Viti Levu is home to about 80% of all Fijians, 
leaving the remainder of the population scattered amongst the other islands (Robertson, 1990).  
These islands are similar to the islands of Hawaii, as they are of volcanic origin, yet no longer 
active. Only a third of all of the islands are populated.  Fiji’s central mountains are generally 
rugged, with twenty nine large peaks, the tallest being Mount Victoria at 1,323 meters in height 
(Robertson, 1990). The mountains are surrounded by smaller hills which surround the rivers and 
their tributaries.  The main drainage system consists of five major rivers, the largest being the 
Rewa River which is located mostly on the eastern side of Viti Levu and has many tributaries, 
one of which comes within a mile of the village Vuisiga (Robertson, 1990).  Two thirds of the 
way downstream the Rewa river plain widens and the river sprawls over a delta which makes for 
fertile lands that can support agricultural crops, including areas for rice-fish/prawn cultivation 
(Raj, 2004). Where soils are rich in sediment, cultivation is intensive and populations are dense.   
Rainforests cover an estimated 850,000 hectares of land, much of which has undergone a 
significant amount of exploitation. About half of Viti Levu is a large area of grassland, known as 
the talasiga (Robertson, 1990). This sun burnt, barren land is located in the western half of the 
big island. Thus, Fiji retains an exceptionally diverse landscape, with many microclimates that 
may be suitable for rice-fish/prawn farming.  
 
Climate of Fiji 
Analysis of the baseline climatology of Fiji from the 1960s to the mid 2000s will assist in 
determining the most beneficial rice varietal to plant in Fiji in general, and then further analysis 
of microclimates will narrow down results for the most advantageous varietal for the Vuisiga in 
specific.   
 
Fiji lies in the South Pacific trade wind belt of southeasterly winds which are stronger in the 
winter and lighter and more variable in the summer (Mataki, 2006).  It’s tropical, maritime 
climate allows for the windward side of the island to experience considerably more rainfall than 
the northwestern, leeward side of the island (Robertson, 1990).  Suva, a city on the windward 
side of the island, only fifty six kilometers south of the village of Vuisiga, will be the reference for 
the climate of the village due to its close proximity.  The temperature, humidity, and rainfall in 
the summer months are slightly higher than that of the winter months.  These two seasons are 
generally caused by the north to south movements of the South Pacific Convergence Zone 
(Mataki, 2006).  Rainfall distribution in Suva is mainly controlled by cloud bands which are 
associated with the Convergence Zone (Mataki, 2006).  Between the months of November to 
April, the Fijian Islands experience tropical cyclones, originating in the Pacific Ocean and for 
low-lying coastal areas, this means heavy, prolonged rainfall and flooding (Mataki, 2006).   The 
annual average surface temperature is around 25° C or 77° F in Suva, with January and 
February being the warmest months with average daily temperatures exceeding 27° C, or 80° F 
(Mataki, 2006). The mean nighttime temperature for Suva in the winter months, June through 
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August, remained around 20° C or 68 ° F  (Mataki, 2006). This means it is extremely rare to 
have frost in Fiji which is important for agricultural concern about crop survival. Rainfall in Fiji is 
substantially orographic, meaning it is heavily influenced by the islands topography and the 
southeast trade winds.  These winds are frequently saturated with moisture, causing any 
landmass in close proximity to receive a significant amount of rainfall. Suva received an annual 
total rainfall of 304 cm, about 120 inches, most of which occurs in the months of November 
through April (Mataki, 2006).  Suva had 103 wet days during summer and as many as 76 wet 
days during winter. The effects of rainfall on the Rewa River cause flooding and therefore flood 
plains surrounding the normal Rewa River diameter.  As tropical cyclones approach the coast, 
rainfall intensity increases, causing rapid runoff from an already saturated catchment and can 
results in extensive floods (Raj, 2004).  With rainfall of this severity, floodplains around the 
Rewa River will be ideal as Rainfed Wetland for rice-fish/prawn cultivation.  
 
Crop Planning within the Microclimate 
Crop planning with particular reference to rainfall is important to consider regarding the soil to 
water balances, which are extremely relevant for the cultivation of rice for agricultural 
potentialities of the different regions.  Because 80% of rice growing areas of South and 
Southeast Asia are under rain fed farming, the beginning of monsoon season marks the planting 
period allowing the distribution of rainfall to determine and influence the growth and 
development of the rice crop (Sastry, 1976).  The rain then fills into the reservoirs which are the 
supplemental irrigation after the monsoon season ceases (Sastry, 1976).  The microclimate in 
correlation to the cultivation of rice crops is important to analyze due to the exchange of energy 
and mass between the earth’s surface and the atmosphere which creates a canopy 
environment where the plants can thrive from germination to maturation (Uchijima, 1976).  This 
makes the amount of sensible heat, water vapor, and carbon dioxide extremely important for the 
growth of rice plants (Uchijima, 1976).  The outlying environment which can affect the 
penetration of direct sunlight onto the rice crop needs to be taken into consideration (Uchijima, 
1976).  Rice Varietals in conjunction with climate and rainfall suggests the importance of spatial 
distribution of rainfall and cropping patterns, rainfall reliability in relation to crop growth, and crop 
planning and varietal characteristics.  
 
Implications:  
● It is extremely rare to have frost conditions in Fiji, which is positive for crop growth.  
● Most areas of Fiji receive a large amount of rainfall throughout the year. This can be 
beneficial to prawn and rice crops, since they rely on flooded areas, but the rainfall can 
also cause over flooding in some cases.  
 
 
V. Scenario I: Prawn Farming Monoculture 
 
 Water Quality/Soil Quality 
The main priority with soil quality is that the pond bottom is able to hold water. This can be 
predicted through a series of pre-construction tests in order to determine optimal pond area. 
One such test is known as the water permeability test, and is conducted through digging a hole, 
 18 
filling it with water, and covering it with leaves. If the hole is full of water in the morning, this area 
is suitable for a pond because it is less permeable.  
 
The soil texture is also important to the pond. The particle size of the soil should be small 
enough for water to pass through, and should hold up to the squeeze test. The squeeze method 
can be analyzed by taking a handful of moist soil and squeezing it between your hands. If the 
soil keeps its shape, the soil is good quality. It is also essential that the soil is full of natural 
nutrients to contribute to the water and the prawns (Carballo, 2008). 
 
Larval stages of freshwater prawns require slightly brackish water which can be obtained by 
either mixing local water with brine, or sometimes artificial seawater can be used. Water quality 
on the larval stage needs far more supervision that the water used in the post larvae and market 
size stages. These prawns can live in 3-4ppt salinity water, but the best results are obtained in 
freshwater. It is not advisable to raise prawn in water with a hardness of more than 150mg/L, 
since it has been found that prawn grow most productively in soft water as opposed to hard 
water. It is also important that the water supply be free of pollutants and as predator free as 
possible. This is most effectively reached by the use of underground water sources. The 
sources that are most commonly used are rivers, lakes, reservoirs, irrigation, and canals (New, 
2002). Prawn farming in Fiji will be ideal because the larvae that the government will provide is 
past these difficult stages of growth. 
 
Oxygen 
 For prawn, dissolved oxygen levels should remain at around 3 ppm. Less than that amount and 
prawn risk heavy stress (hypoxia) or may face mortality (anoxia).  Prawns typically reside at the 
bottom 0.3m of a pond, which is where dissolved oxygen levels should be frequently monitored.  
Therefore, dissolved oxygen levels nearer to the surface can deviate slightly from the 3 ppm 
standard for prawn production.  Ideally, levels of dissolved oxygen should be kept well above 3 
ppm though (6-8 ppm).  Using manure as fertilizer or over feeding the farm are the most 
common threats to oxygen depletion as well as an overpopulated pond and should be therefore 
avoided or monitored.  If dissolved oxygen levels are low, pump in more freshwater or circulate 
current water.  In case of emergency, an aerator may also be of particular usefulness as it is a 
device that can quickly transfer oxygen from air to water.  It is also recommended to monitor 
dissolved oxygen levels frequently, most likely with the use of an electronic oxygen meter.  
These may be quite expensive and difficult to use and maintain.  Due to the size of this 
particular operation a simple chemical oxygen test kit may be of more practical usage (MSU).  
Factors that can be managed in controlling the oxygen content of water include stock density, 
feed concentrations, algal concentrations, temperature, and aeration (paddle wheel) 
(MacGibbon, 2008). 
  
Temperature 
 Temperature is crucial as prawn are ectothermic organisms meaning they secure their heat 
from the water, which in turn affects the rates at which they consume oxygen, feed, and grow.  
Optimal temperatures range between 14°C and 35°C, with specifically 29-31°C being best.  
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Temperatures above this range can increase oxygen consumption to an unsustainable level and 
mortality rates have been noted to increase (MacGibbon, 2008). 
  
Turbidity 
 This is a measure of the clarity of water most usually depending upon the concentrations of 
suspended matter/particulates as well as zooplankton and phytoplankton densities in a 
waterbody.  High turbidity allows less sunlight to penetrate the water and therefore less 
photosynthesis by aquatic plant life resulting in lower oxygen levels as well as lower water 
temperatures (MacGibbon, 2008).  To prevent excessive turbidity levels a silt catchment basin 
should/can be installed which catches incoming freshwater prior to entering the pond allowing 
sediments to first settle.  If natural waterflows lie nearby, muddy waters should be diverted away 
from the pond as well.  If turbidity levels do in fact become high the best option is to cycle in 
more freshwater as a dilute (Carballo, 2008). 
 
If implementing a rice/ prawn system, the presence of turbid river water into the crops during the 
dry season often results in sedimentary build up that needs to be cleared in order to provide a 
safe environment for the rice and prawn. There is a crucial point between the rice harvest and 
the stocking of new prawns where this removal of sediment needs to take place. The removal of 
the sediment is a intensive task that will require several workers to effectively complete, and it 
must be disposed properly in accordance to the regions laws. Many farmers will spread this 
sediment in their vegetable plots, or pile it onto the dikes of the prawn trenches (Brennan, 
2002).  
 
pH levels 
 pH levels should be relatively neutral somewhere between 6.7-8.6.  Heavy rain (common to Fiji) 
can cause “mobilization” whereby substances are leached from the surrounding soil into the 
water increasing acidity, another reason for a silt catchment basin or surrounding trenches to 
catch foreign waters from entering the pond.  If the pH of the pond water is consistently too low, 
the most effective method for balancing it is “liming”, which is the addition of alkali or base 
substances that will neutralize the acidity and raise the pH. A pH testing kit will be needed for 
this and it should be tested about once a month (Carballo, 2008).  
 
 Ammonia Toxicity (unionized NH3) 
Ammonia is a form of nitrogen waste that is either excreted by aquatic life or comes from the 
breakdown of organic matter in a watersource (Wurts).  Too much ammonia can be a double 
threat as it is a nutrient that encourages phytoplankton bloom and is also lethally toxic to prawn 
and other aquatic life.  Ammonia at or above concentrations of 0.5 ppm can begin to be a 
problem and is of even greater concern with higher pH levels (MacGibbon, 2008).  To avoid 
hazardous concentrations of ammonia, ponds must be stocked slowly, fed sparingly, and 
uneaten feed must be removed.  If levels begin to exceed 0.5 ppm, the pH should be lowered, 
the feed reduced, and 25-50% of the water should be filtered out with fresh new water (Sharpe). 
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Erosion 
Erosion is a huge contributor to several of the water quality factors already mentioned and 
therefore requires precautionary measures.  Soil erosion typically occurs with heavy rainfall and 
can occur “in the pond watershed, sides and tops of pond embankments, emergency spillways, 
farm roads around the pond, access roads to the farm, and stream crossings” (Erosion) and 
results in the increase of suspended particulate matter and turbidity concentrations within the 
pond and also within the effluents leaving the pond.  Once again measures to keep sediments 
and flood waters from entering the pond are of premier importance.  Cattle and other livestock 
as well as other large wildlife should be prevented from nearing the pond as they are able 
loosen soils and embankments with their feet.  Foliage in the form of fruit bearing trees should 
also be avoided as they attract potential predators like birds. 
 
The simplest measure by which to curb the incidence of erosion is foliage.  “Foliage intercepts 
raindrops and prevents them from impacting the soil directly. Vegetation on the land surface 
offers some resistance to water flow and reduces the velocity of runoff. Vegetation also protects 
the soil from direct contact with the flowing water. Plant roots bind soil to strengthen it against 
the impact of falling or flowing water. Moreover, vegetation and ground cover reduce 
uncontrolled transport of nutrients from fertilizer and other sources” (Erosion).  Vegetative 
coverage should be planted around the pond, eliminating as much bare soil as possible.   
 
Implications:  
● The water permeability test should be used as described above to test the permeability 
of the soil before pond construction.  
● The squeeze method should be used to test the quality of the soil, and the soil particles 
should be small enough for water to pass through.  
● Prawn larvae are found to grow best in soft water with sources most commonly used 
being rivers, lakes, reservoirs, or irrigation.  
● The removal of sediment as a result of turbid water is crucial, and excessive sediment 
can also be prevented with a slit catch basin installation in the pond.  
● Dissolved oxygen levels should be at 3ppm and oxygen should be monitored at the 
bottom of the pond because that is where the prawn reside. This can be done using a 
small oxygen test kit for the size and scale of this particular pond.  
● The water temperature of the pond should always be between 14 and 35 degree 
Celsius.  
● The pH levels of the pond should be neutral, at 6.7 to 8.6. Heavy rain can cause an 
increase in acidity and this can be offset by the addition of alkaline into the pond.  
● Ammonia can be a threat to prawn. To avoid hazardous concentrations of ammonia, 
ponds must be stocked slowly, fed sparingly, and uneaten feed must be removed.  
● Foliage is the most effective way to prevent erosion around the pond. Planting rice in the 
pond could also help with this, as the roots helps to bind and stabilize the soil.  
 
Pond Construction 
A prawn farm is essentially created by channeling water from a river or another natural source. 
Water either passes through the pond once and then it is discharged, or it may be partially 
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replaced so that a certain percentage of the total water system is retained. Pond systems with 
the highest yield of prawn production only replace water lost from seepage or through 
evaporation (Carballo, 2008). 
 
Farming Intensity (Combination of both level 1 and level 2 are recommended) 
 
Level 1: Extensive Freshwater Prawn Farming 
This level of intensity involves the least amount of production (lower density of prawns), very 
little water quality control, little monitoring of growth or mortality of prawns, little to no 
supplementary feeding, and organic fertilizer is rarely utilized. 
 
Level 2: Semi-Intensive Freshwater Prawn Farming 
Semi-Intensive farming involves a greater amount of production than Extensive Farming. This 
method requires additional stocking. Additionally, fertilization and feed are used, predators are 
controlled, water quality supervised, prawn growth and mortality are monitored. 
 
Site Requirement and Construction 
It is important to thoroughly survey the topography in order to determine the appropriate layout 
for water intake, ponds, access roads, and pond discharge. We recommend trying to choose 
land with a gentle slope. Ponds can typically be dug into the ground; they may be partially 
above or below ground level. Slopes and the pond bottom should be well packed during 
construction to prevent erosion and seepage. Ideally, the soil should contain 25% clay. Rocks, 
grass, branches, and other undesirable objects should be removed from the dikes (Carballo, 
2008). 
 
We are recommending diversion ponds. These ponds involve channeling a natural source of 
water to the selected pond site(s). The different types of diversion ponds include (reference 
figure 1): 
 
A. Embankment Pond: The dikes of this pond are built above ground level. The 
disadvantage to this construction method is that a pump is needed to fill the pond.  
B. Excavated Pond: This pond type is dug out of soil. The disadvantage to this 
technique is that a pump is needed to drain the pond. 
C. Contour Pond: (Our Recommendation): With this type of construction, the soil from 
digging out the pond is used to build the low dikes of the pond. The ideal site for these 
ponds has a natural slope of 1-2%, so that the water supply channel can be built slightly 
above water level and the discharge channel slightly below the pond water level. Natural 
gravity is used to fill and drain the pond. The main advantage is that no pump is needed 
for this method, and it is therefore most economical. 
E. Barrage Ponds: These ponds are built with a dike across a natural flowing water 
source. The ponds act like much of a conservation dam with the advantage that they are 
easy to construct. The disadvantages include: difficulty controlling the system, as it is 
hard to keep wild fish out and a lot of feed added to the pond will be lost due to the 
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current (added expense). Advantages include: overflows only under unusual 
circumstances (such as heavy rainfall) (Carballo, 2008). 
 
 
 
Figure 1: Types of Diversion Ponds (Carballo, 2008): A: embankment pond, B: excavated pond, 
C: contour pond. 1. Pump, 2. Drainage canal, 3. Inlet pipe, 4. Diversion Canal, 5. Overflow pipe.  
 
Additionally, the style of pond depends mostly on the topography of the land. For example, 
excavated ponds are best suited for flat areas, achieved by digging out the desired pond area. 
In this situation, water levels will be below original ground level. 
 
We recommend the Contour Pond style (reference figure 2). These ponds are constructed in 
hilly areas that have a natural slope. The soil on the upper part of the pond is removed and used 
to help build the dam on the lower side. The dam must be strong, especially considering that the 
water level will be above the original ground level (Carballo, 2008). 
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Figure 2: Top view and Cross-section: The water inlet and outlet of a pond (Carballo, 2008). A: 
inlet canal, B: silt catchment basin, C: inlet pipe, D: overflow pipe, E: screen, F: outlet pipe.  
 
 
Size and Shape 
Pond sizes that require the least amount of management range between 0.2 hectares and 1.6 
ha, with most farms having ponds around 0.2-0.6ha. If the pond is kept within 30 m wide, a 0.6 
ha pond will be 200 meters long. Note that narrow ponds should be positioned so that the 
prevailing wind blows down the long axis towards the drain end (New, 2002). Larger sized 
ponds are generally used in the “grow-out” phase however; any pond larger than 10 ha 
becomes difficult to manage. The ideal site for pond construction should have a gentle slope, 
well finished pond dikes, and do not collect run-off water from the surrounding watershed. It is 
important to have a sufficient water source in order to fill each pond in a reasonable amount of 
time, as well as to maintain the same pond water levels. Each pond should also have the ability 
of draining completely when time for harvest (Carballo, 2008). 
 
The estimated size of family pond is roughly 300 square meters (Carballo, 2008). Additionally, 
the Fijian government is requiring a minimum of 1000 square meters of pond(s) in order to 
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qualify for government assistance in post-harvest prawn transport (Ronaivakulua, 2011). Taking 
this into consideration, we are suggesting a single 1000 square meter pond, roughly 50 meters 
x 20 meters (reference figure 3), or 3 smaller ponds, roughly 10 meters by 34 meters in size 
(reference figure 4 for an example of a multiple-diversion pond layout).  
 
 
 
Figure 3: Measuring out the pond (Carballo, 2008): 50 meters x 20 meters for one large pond, 
or roughly 10 meters by 34 meters for each of the 3 smaller ponds.  
 
 
 
Figure 4: Multiple Diversion Pond Layout (Carballo, 2008):  A: stream, B: water intake, C: 
diversion canal, D: inlet, E: outlet.  
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Depth 
The average depth of water in freshwater prawn ponds in tropical areas should be 
approximately 0.9 m, with a minimum of 0.75 m and a maximum of 1.2 m. It should be noted 
that deeper ponds are more difficult to manage. Also, even if you have a somewhat shallow 
pond, you may have to drain part of the water to facilitate seining (the use of a large weighted 
net) operations in the deep end (New, 2002). Water in shallow ponds may also become too 
warm for the prawns in the hot season and the water may become quite clear - increasing the 
prawns to predation. Shallow ponds also tend to support the growth of aquatic plants which are 
not recommended (Carballo, 2008). 
 
It is also important that the bottom of the pond be smooth. There must be no projecting rocks or 
tree stumps, as these would prevent efficient seining and damage harvesting nets (Carballo, 
2008). The pond bottom must slope gradually from the inlet end towards the drain end. A 
1:1500 (0.5%) is suggested for smaller ponds. This is equivalent to 2-5 cm per 10 m length. An 
example of this would be in a 100 m long pond, with an average water depth of 0.9 m and a 
slope of 0.5% - the water would be 65 cm deep at the intake end and 115 cm deep at the outlet 
side (New, 2002).   
 
Constructing Pond Banks 
The pond banks must be constructed at least 30-60 cm over the highest water level that is 
expected in the pond (Carballo, 2008). They should also be high enough to protect the pond 
from exterior flooding. Additionally, proper compaction of the banks as well as the pond itself is 
important in order to maximize water retention. If soil conditions are somewhat poor, a ‘core 
impervious material’ must be brought in from the outside and used during construction (New, 
2002). The core should extend below the surface of the pond. Clay is also a viable option to 
help with pond water retention. The slope for the internal bank should be roughly 3:1 (vertical, or 
near vertical banks will result in much faster erosion as well as increased maintenance). The 
external bank should have a slope of 2.5:1 and never less than 1.5:1. Properly built pond banks 
increase construction costs however, they greatly reduce maintenance fees in the long-run 
(New, 2002). It is important to save the topsoil that has been removed (from the bottom of the 
pond’s surface), in order to later be re-used on pond banks to help plant growth (Carballo, 
2008). It is also recommended that you plant fast growing grasses on the pond banks after 
construction. This is important because it helps prevent erosion. Nothing should be planted on 
the banks with long roots, as they can further damage the pond banks. If the pond is in a high-
wind area, it is recommended to plant palms around the ponds in order to create a wind barrier. 
The tops of the pond banks should be a minimum of 1 m wide in order to allow workers to freely 
walk along them (New, 2002). 
 
Implications: 
● A combination of level 1 and level 2 prawn farming intensity is recommended. These 
levels require the least amount of production, although level 2, which is semi-intensive, 
does require additional stocking, feed, and fertilizer. (See above for detailed explanation) 
● It is recommended to choose land with a gentle slope.  
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● Pond bottoms should be well packed, and possibly lined with a natural substance or 
rubber lining to prevent seepage. We also recommend lining the pond with rocks to 
prevent erosion and seepage.  
● Diversion ponds are the recommended type of pond to be used, specifically the contour 
pond method.  
● Contour ponds use natural gravity to fill and drain the pond, without the use of pumps.  
● The estimated size of the pond should be 1000 sq. meters.  
● Deeper ponds are more difficult to manage. The average depth of the pond should be 
0.9m.  
● The pond banks should be built up 30-60cm over the highest water level to prevent from 
flooding.  
● The pond banks should be 1m wide in order for workers to walk along them easily. 
● The pond bottom should be smooth, with no sharp rocks which may damage the nets at 
harvest.  
 
Supplying Water to the Ponds 
It is not normal to treat the water entering a fresh water prawn pond except with a screen to 
prevent the entry of predators / loss of prawns. The way in which water is distributed and 
supplied into a freshwater pond is of utmost importance. The pond must have a sufficient water 
source that will allow the filling of one pond at any time without starving the other ponds of 
replacement and filter water. There should not be any mixing of water between incoming water 
and water drained from surrounding ponds. Each pond should have its own individual water 
supply from the main source of water. This helps prevent water contamination and poorer water 
quality. If possible, this water should be fed through open trenches by gravity. The water inlet 
should be constructed above the ponds water level so that the water falls onto the surface of the 
water. The water inlet should be at the lower (less deep) end of the pond, opposite to the outlet 
point. The inlet and outlets to the pond should be correctly sized as to help provide adequate 
water volume. The water flow into each pond must be controlled by some sort of valve 
apparatus. In order to minimize water loss through seepage, it is recommended to: seal ponds 
with an organic matter, compaction, bentonite, or lining pond with polyethylene, butyl rubber 
sheeting, etc (New, 2002). 
 
● Before filling the ponds, we recommend putting rocks on pond bottom where the 
water lands (coming from inlet pipe). This helps the pond bottom from eroding.  
● Fill the ponds with water slowly. This step is important, so that the dikes do not 
subside due to uneven wetting. While the pond is filling, keep measuring water depth 
with a stick. Stop filling when required depth is reached. 
● Prevent overflowing - do not fill the pond too full. 
● Water should be stagnant (not flow through): water flowing through the pond will slow 
prawn growth by flushing food and nutrients. 
● Only water added should be to compensate for water loss through evaporation and 
seepage.  
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● Note: Ponds often seep when first filled - the soil partly takes up the water. Keep 
adding new water for several weeks and gradually the pond should start to hold water 
(Amodeo, 2004). 
 
Discharge Water from the Ponds 
It is recommended building ponds that can be drained solely from gravity. There should be a 
pond outlet pipe below water level, as well as an overflow pipe roughly 20-30 cm below the top 
of the pond bank, but above the normal water level of the pond. It is important to also screen 
this overflow pond as to avoid losing stock (New, 2002).  
 
If draining of the pond by gravity is not feasible, the only way to empty the pond is by use of a 
pump.  Note that you must use a screen on the pump hose if this method is utilized. After the 
pond has been drained, it is important to remove solids from the pond. Also, aeration of the 
pond may be needed in order to increase oxygen levels.  
 
Aeration 
Most freshwater prawn farms use water exchange to help keep adequate oxygen levels. The 
recommended way to increase the level of dissolved oxygen is to create a ripple effect from the 
incoming water (lining the trench with ‘steps’ of rock) (New, 2002). However, it is important that 
the rock is well secured as to avoid loosening and creating problems with consistent water flow. 
Additionally, simple aeration methods, such as tilling of the pond bottom between harvests, 
have been proven effective for increasing soil quality and oxygen content.  
 
Implications:  
● Each pond should have its own water source to prevent cross contamination.  
● It is recommended to build a pond that is drained solely through gravity and not by the 
use of a pump.  
● This will include an inlet pipe that is built above the water level, and an outlet pipe that is 
built below the water level.  
● Aeration should be fulfilled through the creating a ripple effect with rocks in order to 
increase the level of dissolved oxygen.  
 
Preparing the Pond 
Before the pond is stocked, you must properly prepare it. After the final harvest of your last 
batch, the pond must have all predators eradicated. Additionally, make any repairs to the pond 
banks, trenches, etc, while it is drained. Make sure screens are cleaned (something that should 
be done on a regular basis). Completely dry the pond for 2-3 weeks (may not be possible in 
rainy seasons, but should be done at least once a year). It is not necessary to remove sediment 
(particles from incoming water, effects of erosion, dead pond organisms, prawn feces, excess 
feed, exoskeletons, etc) from the pond after every harvest; however, this will create more of a 
problem if not continually managed. One problem this could lead to is a decrease in water 
volume for living prawns (New, 2002).  
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If you are really convinced that organic fertilization between cycles is helpful, use plant meals, 
such as soybean meal or rice bran, not animal manures. The productivity of ponds typically 
improves as they get older and as a rich bottom area and grassy banks are established. We are 
not recommending the use of fertilizer unless it seems essential. 
  
Systems of Management in Grow-Out Fresh Water Prawn Ponds (If rearing prawn without rice) 
 
1.) The Continuous System: There is no definable cycle of operations and the ponds are thus 
drained occasionally. This system can only be used in locations with year-round water supply, 
with consistent water temperatures. Long-term continuous management systems are not 
recommended (New, 2002). 
 
It is also a common practice to scrape the bottom of a pond in order to remove sediment (after it 
has been drained and dried), but take special caution as to not place excess sediment in areas 
where it could wash back into the pond or clog water channels. 
 
2.) The Batch System: Consists of stocking each pond once, allowing for the prawns to grow 
until they achieve average market size, and then totally draining the pond and harvesting it. The 
pros to this method are that it reduces predators. Additionally, prawns grow at different rates 
which create competition. The larger, faster growing prawns become dominant which can hinder 
the growth of the smaller prawns. 
 
3.) The Combined System (Recommended): Provides advantages of reduced predators and 
competition among dominate prawns. In this system, prawns are stocked only once. Harvesting 
starts when the first prawn reaches market-size (dependent on local sales / requirements / 
prawn species). This harvest removes the fast growing, dominant prawns, and allows the 
smaller ones to continue to grow. Eventually after several harvests, the ponds are completely 
drained and all remaining prawns are harvested. Total cycle time is usually roughly 9-12 months 
in tropical areas. 
 
Stocking 
It is better to stock ponds immediately after filling them with screen-filtered water. Quickly 
stocking the ponds has two main advantages: creating less competition among prawns, as well 
as reducing the chance predators have to become established (New, 2002). There may be a 
slight lack of initial growth due to a shortage of natural food present (unless the pond is 
prepared using the periphyton approach - as described in a later section). It would be 
advantageous to stock juveniles, as they are the most tolerant to high pH and ammonia levels 
(New, 2002). This increases the prawn survival rate (in the grow-out phase), and also 
decreases the time for maturity to market.  
 
Additionally, it is important to try and acclimate the prawns once they have arrived to the ponds. 
One method of achieving this is by “floating the transport bags in the pond for 15 minutes before 
emptying them into the water (New, 2002).” This process helps reduce the chance of thermal 
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shock as well as sudden changes in the pH. Note:  if possible, acclimate the pH of pond water 
to reflect pH levels of the hatchery waters from which the prawns are being provided.  
 
The stocking rate is dependent on the maturity size of the prawns, the length of the growing 
season, and the management system that is selected. It is difficult to give a recommendation on 
the rates when taking all of the above into consideration. On average, semi-intensive stocking 
rates range between 4 and 20 prawn larvae/m2 (40 000-200 000/ha) (New, 2002). Typically, 
lower stocking rates will result in larger prawns whereas, higher stocking rates will usually result 
in a greater total productivity but smaller prawn sizes.  
 
It is not recommended to stock ponds with any foreign prawns from neighboring water sources 
(aside from what the hatchery provides). In doing this, you could be putting the farms at risk of 
diseases and predators.  
 
If prawns stocked into a pond as adults, we recommend that they be stocked at a density of 
2/m2 of pond area, in the ratio of one male to four females . Stocking at this density reduces 
competition among prawns, essentially reducing stress and increasing their chance of natural 
food consumption (Nandlal, 2005). 
 
Maintaining the Pond 
It is extremely important that pond maintenance be regularly performed. These tasks include: 
● Inspection and maintenance of pond banks 
● Maintenance of water inlet / outlets. This includes clearing of screens. 
 
One option to help naturally feed the prawns is by introducing additional plant substrates, more 
specifically, plants below the water line (along the pond bank). These plants include Elodea spp. 
and Hydrilla spp. It is important to not allow these plants to grow excessively, as they can 
interfere with prawn harvesting. Additionally, these plants should be monitored and kept from 
excessively growing on the pond bottom. This could have a negative impact by reducing light 
penetration to the pond floor (New,2002). 
 
Feed/Fertilizer 
Farms are often fertilized in order to stimulate phytoplankton bloom, which serve to: shade the 
benthic zone where prawn reside, limit algae growth, oxygenate the water, reduce toxic 
ammonia levels produced by the prawn, and feed zoo-plankton and other higher trophic level 
species that the prawn utilize as food (MacGibbon, 2008). We do not specifically recommend 
the use of fertilizers in Vuisiga’s farming system, in order to reduce environmental impacts. 
 
It is essential to feed the prawns with a nutritionally complete diet, preferably with 40% crude 
protein, as this will promote proper egg development leading to good egg yolk quality and hence 
good embryo development and healthy larvae (Nandlal, 2005).  
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In Fiji, prawns in the grow-out stage are often fed with pelleted diets formulated for tilapia 
(containing 40% crude protein) or commercial penaeid shrimp feeds. The broodstock should be 
fed once a day, usually in the evening (Nandlal, 2005). 
 
The following exhibit illustrates what pellet feed formulated for prawns in the grow-out phase 
would look like: 
Source Percentage 
Protein 40% 
Fat 10% 
Carbohydrate 33% 
Ash 9% 
Fibre 8% 
Gross Energy 4.3 kcal/g (18kJ/g) 
 
The ingredients within the pellet feed should consist of copra meal, fish meal, meat–bone meal, 
rice pollard or wheat bran, vitamins and mineral mix. If pelleted feed is not available, a variety of 
feeds of plant and animal origin can be used to feed the prawns (Nandlal, 2005). 
 
There are various suggested strategies for measuring the amount of feed to provide the prawn, 
but the most effective and precise solution is through the use of lift nets. This is a simple 
process that utilizes trial and error to obtain the proper feed measurements for a small scale 
prawn farm. The steps in the lift net process are as follows:  
● Construct a basic rectangular wood frame to support a thin mesh net that is small 
enough to retain feed pellets.  
● Fill net with estimated necessary amount of feed for the quantity of prawn.  
● Lift tray out of water before next feeding cycle and asses the amount of feed remaining 
in the tray.  
● If there is excess feed, decrease the amount of feed distributed. If there is no feed left, 
slightly increase the amount of feed in the tray at each feeding.  
● In cases of severe overfeeding, it is possible to omit the feed for one day, since 
overfeeding may cause poor water quality in some cases (New, 2002).  
 
Periphyton Based Prawn Farming  
This section describes a system without concurrent rice farming but the rice can act as a 
substrate and produce the same benefits.The introduction of substrates in the ponds, in effort to 
increase total prawn productivity. Periphyton is defined as a group of algae, bacteria, fungus, 
and other aquatic organisms that attach to substrates (hard material) present in the water 
(Carballo, 2008). 
 
 31 
One option of Periphyton based farming can be referred to as "Sticks in the Mud." Figure 5 
illustrates this method. 
 
 
Figure 5: Perhiphyton based prawn farming (Carballo, 2008): A: pond with no substrates, B: 
pond with sticks and branches placed at random, C: pond used in scientific trials with bamboo 
poles placed at equal intervals.  
  
● The aggregate of organisms is called a "periphyton mat," which is essentially a slimy 
layer. 
● Evidence shows that prawn production is higher in ponds with substrates (this 
includes: branches, bamboo poles, etc) placed vertically across the pond, than in 
ponds without substrates (Carballo, 2008). 
● This technique naturally provides the prawn with organisms they can eat (branches 
that have organisms that attach to them), which reduces the need to fertilize the pond 
or provide the prawn with supplementary feed (Carballo, 2008). 
● This is both environmentally and economically important. Supplementary feed and 
fertilizers are expensive, and an inefficient process. A majority of the nutrients are lost 
as waste to the environment.  
● Advantages of Periphyton prawn farming include: the fraction of nutrients retained in 
harvest prawn is increased considerably, when compared to prawn ponds using 
artificial feed and fertilizers. Shelter is also another advantage. “Sticks in the Mud” 
protect prawn visibly from birds, snakes, frogs, etc. It is important to make the poles 
long enough to prevent "perches" for birds. If diving birds are present, increase the 
density of the sticks. Using bamboo poles can also reduce the risk of theft from 
humans. Prawn health is another advantage. It is generally believed that prawn 
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survival is greater in ponds with substrates (Carballo, 2008). Periphyton can act as an 
antibiotic against a variety of disease-causing bacteria in ponds, or as a kind of 
vaccine for prawn that feed on it (Carballo, 2008). Also, prawns rub branches which 
help to dislodge parasites. 
● Bamboo is one of the best natural substrates to use and grows naturally Fiji. It can be 
used green or dried. 
● Substrate choice will depend on local availability. Other examples that work include 
sugarcane bagasse, paddy straw, or water hyacinth.  
● Substrate Density: Rough estimates (based on experiments) is a substrate surface 
area more of less equal to the pond area. Ex: For a 100 square meter pond, use 
roughly 6-10 poles per square meter (Carballo, 2008).  
● Timing is crucial when using substrates to naturally produce food. This can take 
several days - weeks before enough periphyton has grown and can sustain prawn 
growth. 
● Note: Taking out the substrates from the pond (to harvest) can damage the 
periphyton mats due to drying. It may take periphyton mats 1-2 weeks to recover and 
can delay the next farming cycle (Carballo, 2008).  
● Wait 4-7 days before stocking the pond with prawns. This allows the natural food 
production in the pond to reach sufficient levels in order to sustain prawn growth 
(Carballo, 2008). 
● If you choose to introduce substrates in the pond, it is important to wait even longer 
until the substrates are colonized by organisms that can be eaten by the prawn (New, 
2002).  
 
Implications:  
● Feed prawns with a nutritionally complete diet consisting of 40% crude protein. Fijians 
usually use pellet feed that is commonly used in tilapia farming.  
● We recommend utilizing lift nets for feed to determine the necessary amount and 
keeping the pond bottom clean.  
● Complete draining of the pond should be done once a year and able to dry out for 2-3 
weeks. 
● The Combined System of stocking and farming is recommended, where prawns are only 
stocked once. The first prawns are harvested when they reach market size, and the 
smaller prawn are left to continue growing.  
● Stocking the pond immediately after filling it with water is recommended because it 
creates less competition between prawn and also reduces the chance of predators to 
become established.  
● Acclimating prawns to ponds by floating the transport bags in the pond for 15 minutes 
before emptying is recommended.  
● Semi-intensive stocking rates range between 4 to 20 PL/sq. meter.  
● Lower stocking rates result in larger prawn, higher stocking rates result in higher 
productivity, but smaller prawn.  
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● Prawns stocked as adults are recommended to have a density of 2 prawn/square meter 
with a ratio of one male to four females.  
● Prawn production is higher in ponds consisting of substrate such as bamboo poles or 
branches. This can also be achieved through planting rice with the prawn.  
 
Harvest Times 
 
Freshwater prawns mature from prawn larvae in roughly 4-7 months. This is all dependent on 
the temperature, food, and environmental conditions. The stages of maturity for a female prawn 
can be determined by “external examination of the ovary” as follows: 
 
Stages of Growth Summary of Maturity Stage 
Stage 1 Immature/resting (neuter period). Ovary is tiny, transparent, confined 
to the posterior-most region of the carapace cavity. 
Stage 2 Early maturing. Ovary is yellow and occupies about a quarter to half of 
the length of the carapace cavity. 
Stage 3 Maturing. Ovary occupies more than three fourths of the length of the 
carapace cavity and is light orange in color. 
Stage 4 Ripe. Ovary occupies entire carapace cavity and is dark orange in 
color. 
(Nadlal, 2005) 
 
Cull Harvesting  
This is the recommended option when harvesting prawn monoculture where rice is not 
concurrently grown. This allows for prawn to be harvested at their best possible harvest size, 
with smaller prawn being left in the pond for a longer period of time. This process involves 
dragging a net across the width of the pond to catch the matured prawn. The holes in the net 
should be small enough to capture the large prawn, but small enough for the smaller prawn to 
swim through. The process of cull harvesting can be seen in the diagram in Appendix A.  The 
following are some things to consider when harvesting the prawn:  
● Care must be taken to ensure the net reaches the bottom of the pond in order to capture 
the largest amount of prawn.  
● Prawn are often difficult to see in the pond, because they hide in crevasses and blend in 
with the pond bottom. You can sometimes see them with a flashlight if you shine it into 
the pond.  
● The inability to see the prawn make it all the more important for the net to expand to the 
bottom of the pond and the total width of the pond in order to achieve desired harvesting 
results.  
● Sieving two different sides of the pond once every two weeks avoids disturbing the 
whole pond at once.  
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● Three to five men can pull the net through a 30 meter pond, and about seven to ten men 
can maintain the net in a 50 meter pond.  
● All harvesting should be carried out in the early morning or at night to ensure that it is not 
too hot for the prawn to survive in shallow waters.  
 
 
Figure 6: Example of Cull Harvesting System (Carballo, 2008) 
 
Drain Harvesting  
This process requires the pond to be built with a sluice gate for drainage, or a drainage pipe can 
be used as an alternative. If the drainage pipe is being used, caution must be taken in order to 
ensure that the prawn do not get trapped in the pipe. Multiple cull harvesting with a net before 
draining will also help in this process, and result in a higher yield of prawn. This entire process 
must be done quickly, as the risk of crop loss increases as the temperature rises.  
 
Handling of Prawn Post-Harvest 
It important to maintain good quality product, and there are several steps that must be taken to 
ensure safe and healthy prawn after harvest and during transportation.  
● Avoid excessive stacking of the prawn, as this will damage their vital organs resulting in 
“mushy” prawn.  
● If prawns are not going to be sold immediately, wash them in clean water and kill them in 
a mixture of cold water and ice.  
● This should be done soon after harvest, usually at the pond bank.  
● It is not recommended that you transport prawn live or before doing this cleaning 
process, as some will die and become “mushy” during transport.  
● If you do transport live prawn, be cautious not to cause stress to the prawn during 
harvest, which could also cause damage to their vital organs. Stress on the prawn can 
also cause disease amongst the group, which could cause death in the crop. (New, 
2002) 
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Implications:  
● Cull Harvesting is the recommended system when harvesting prawn, which allows the 
larger prawn to be harvested while the smaller prawn are left in the pond.  
● A large net should be dragged across pond to catch large prawn. The holes in the net 
should be large enough for immature prawn to swim through.  
● Three to five workers will be able to handle pulling a net through a 30 meter pond.  
● The net needs to reach across the bottom of the pond, since that is where prawn are 
mostly found.  
● It is necessary to harvest in early morning or at night in order to ensure the temperature 
is not too hot for prawn to stay fresh.  
● Avoid stacking prawn after harvest as it will damage vital organs and result in “mushy” 
prawn.  
● If not being sold immediately, prawn should be cleaned and killed in a mixture of cold 
water and ice before transport.  
 
Environmental Concerns with Prawn Farming 
With any anthropogenic cultivation of the land, impacts upon the environment are inevitable and 
must be taken into concern, researched, and accounted for.  This is the case with the potential 
introduction of prawn farming in the Fijian village Vuisiga on the main island, Viti Levu.  Prawns, 
synonymous to shrimp, are a genus of Crustacea known as Machrobrachium and in recent 
decades have become a very attractive food commodity on the global market.  As an alternative 
to catching wild prawn, farmed prawn (a form of aquaculture) have become increasingly popular 
within the last quarter century.  However, as market demand has increased and the cultivation 
of prawn has grown more widespread, trends have begun to develop regarding numerous 
environmental issues.  The most notable thus far is the destruction of mangrove forest and coral 
reef habitats; where mangroves are the premier locale for prawn farming and corals are within 
its zone of impact (while not of immediate threat to Vuisiga, this is important to understand for 
future aquaculture developments in Fiji). 
 
Prawn farming has also shown to have damaging effects on its associated water sources; most 
notably ground water and aquifer depletion.  In addition, prawn farming is responsible for a 
whole host of pollutants including shrimp feed, fertilizer, excrement, and antibiotics that are 
discharged from the farms as effluent or wastewater.  These pollutants have the potential to 
significantly degrade water quality via increases in biological oxygen demand and can lead to 
hypoxia/anoxia, eutrophication, and dead zones; ultimately ruining a water source’s potability 
and/or ability to support life. 
 
Habitat Destruction 
The most prominent problem associated with prawn farming thus far has shown to be habitat 
destruction.  The most commonly threatened habitats affected by prawn farming are mangrove 
forests and coral reefs.  These habitats are typically located coastally, at intertidal zones where 
fresh water meets salty ocean water making for a slightly brackish, but fresh water source; the 
most favorable conditions for prawn.  Mangroves in these intertidal zones are frequently 
cleared, destroyed, or in some way altered in order to construct ponds for prawn operations, 
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while coral reefs are impacted by the effluent/discharges from these ponds into coastal waters.  
According to “Mangrove”, the mangrove forest habitat is “most abundant in tropical Asia, Africa, 
and the islands of the SW Pacific” (Mangrove, 2010). Thus Fiji, being a conglomeration of 
several SW Pacific islands, is home to the mangrove forest habitat (as well as coral reefs). 
  
What makes the mangrove tree (Rhizophora) so important is all in its roots.  Mangroves 
produce from their trunk “aerial roots that become embedded in the mud and form a tangled 
network; this serves both as a prop for the tree and as a means of aerating the root system” 
(Mangrove, 2010).  These unique roots serve to catch outgoing sediments and silts that can 
damage coral reefs by blocking necessary sunlight (Joyce, 2007).  In addition, these deposits of 
sediments and silts build up creating land, which other vegetation can then move into and 
flourish.  This all allows for a shallow, flooded forest that provides the perfect habitat “for 
numerous terrestrial and marine species including economically and ecologically important 
fisheries” (Heumann, 2011).  
 
Mangroves and coral reefs are also the first line of defense for the land from the ocean.  In 
times of severe storms, these habitats protect from storm surge and tsunami waves, where sea 
levels rise to abnormal heights and can cause catastrophic flooding inland (Mangrove, 2010).   
Rising sea levels and flooding also serve to endanger the remaining mangroves by increasing 
the salinity and depth of coastal and intertidal waters, which can drown or kill mangroves 
(Joyce, 2007).  
 
Unfortunately, these habitats are both endangered and in severe decline globally.  Statistically, 
mangroves have declined by 25% since 1980 (Heumann, 2011) and coral reefs by as much as 
27% (Hamilton, 1994).  Much of this decline is attributed to global climate change, where 
seemingly minute changes in temperature can dramatically impact these fragile environments.  
For instance, an increase of a single degree Celsius is known to cause bleaching in coral reefs 
and “globally we have already increased the temperature 0.7 or 0.8 degrees Celsius” (Joyce, 
2007).  However, prawn farming still definitely plays an enormous role in their destruction as it is 
responsible for as much as 38% of global mangrove destruction (Amodeo, 2004).  Socially, this 
destruction, by damaging local fisheries, endangers the livelihood of the local fisherman who 
rely on this habitat where “80 to 90% of the commercial seafood species that inhabit tropical 
oceans spend some part of their lives [in the mangroves]” (Hamilton, 2011). 
 
Due to climate change, Viti Levu is already experiencing associated environmental issues 
impacting local mangroves.  Within the last 70 years, locals have observed greater storm 
frequencies and higher tides than ever before, which have placed added pressure on local 
mangrove forests and their ability to buffer the incoming tides.  These tides have been known to 
damage and surpass local mangrove forests flooding coastal villages, and despite efforts to 
mitigate these losses, mangroves are disappearing faster than can be replaced (Joyce, 2007). 
 
With the stark reality facing these habitats already, could prawn farming further accelerate their 
decline?  Fortunately, the answer is no, at least not directly.  Vuisiga is not located coastally, it is 
a highland village where no mangrove forests or coral reefs are present nor would they need to 
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be disrupted for the construction of prawn ponds.  However, anything that enters the water 
upstream will ultimately affect downstream water sources.  So effluent discharges, as well as 
other water quality issues stemming from a prawn farming operation, could potentially harm 
mangrove forests and coral reefs downstream - along the coast of Viti Levu. 
 
Water Quality Issues 
It is with this then that we must address prawn farming’s impact upon the water sources it 
utilizes. To start, ponds would be constructed and ground/aquifer water from local sources 
would then be pumped into the tanks for the prawn to be raised (Khor, 2011).  A major concern 
here is groundwater or aquifer depletion, where a water source is literally pumped dry.  This is a 
common occurrence with prawn farming and it has been documented in the Philippines where 
the “over-extraction of ground water for prawn farms has caused shallow wells, orchards and 
rice lands to dry up, land to subside and salt water to intrude from the sea” (Goldsmith, 1997).  
For Vuisiga, rice cultivation is another potential project being considered for introduction, so any 
water sources overused for prawn could easily threaten water levels in rice paddies that 
compete for the same water.  Thus we recommend diverting water from a natural water flow, 
although diversion has shown to have negative implications in terms of erosion and run-off. 
 
The threat posed by groundwater depletion is small in comparison though to the pollutants 
spawned from prawn farms.  These hazardous pollutants include the shrimp’s feed, their 
excrement, and any inorganic fertilizers/pesticides/antibiotics added to aid shrimp development 
and survival.  Ultimately, these pollutants become effluents when discharged from the ponds 
and enter the main water supply where they can wreak havoc on local ecology.   
         
Prawn farming operations typically utilize a couple different feed options.  One main source is 
snails, to which prawn are natural predators.  With the explosion of prawn farming, so too has 
the harvesting of snails, which while generating “a number of employment opportunities, in 
catching, processing, transporting (the snail)” (Ahmed, 2008), has also led to dramatic declines 
in snail populations and even “extirpation” (local extinction) of snail populations in certain 
locales.  Another issue with the use of snails for prawn feed is how they are consumed: prawn 
only consume the snail meat, while the shells are left to collect as by-product.  Thus the problem 
becomes of how to dispose of these shells, which have shown to cause “pollution and blockage 
of canals and other open water bodies” (Ahmed, 2008).  In short, too much prawn leads to too 
many snails. Too many snails lead to too many shells. The shells add up and collect until they 
may form into dam like obstructions that can block the passage of water and disrupt local 
environments with the build-up or depletion of water.  
 
The other main source of food for prawn is plankton, which present even greater environmental 
hazards.  Microscopic plankton thrive off of nutrients, which they usually acquire through the 
breakdown of organic decaying matter like prawn excrement or fertilizers like cow dung, urea, 
and/or triple super phosphate.  Unfortunately, prawn farms produce both of these in excess and 
can cause serious water quality problems within the prawn ponds and outside once discharged.  
To start, it is common practice to add nutrient rich fertilizers to prawn ponds so that plankton 
populations can grow and provide a large food base for prawn.  However the problem with 
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promoting excessive nutrients in a body of water is that plankton are not the only organisms that 
will then thrive.  Algae and other aquatic plant life populations explode when in the presence of 
large amounts of nutrients, commonly known as algae bloom.  Essentially, what we see are 
huge increases in Biological Oxygen Demand or B.O.D., where these organisms dissolve large 
quantities of oxygen in the water in order to breakdown nutrient rich materials like fertilizers and 
excrement (Hamilton, 1994).  The result can be hypoxia where all other aquatic life simply 
choke to death due to lack of oxygen.  These blooms ultimately result in mass die-off of present 
species including the plankton and plants responsible, which in turn causes more breakdown of 
organic decaying matter further perpetuating this cycle. The end result is a dead zone where a 
body of water can no longer support any life.  The entire process is known as Eutrophication 
and is a critical reason why inputs to any open system must be critically examined and 
monitored. 
 
Since antibiotics burst onto the scene in the mid-20th century they have been applied to a wide 
variety of uses in order to kill bacteria that pose harmful health issues.  So it is only natural that 
antibiotics would be applied to prawn farming as well, where they serve to kill deadly pathogens 
that threaten the overall health of a prawn population.  However, what we have observed with 
antibiotics in the last few decades is evolution on an observable timeline!  With bacteria 
scientists can monitor hundreds to thousands of generations of bacteria living and dying in a 
rather short period of time.  This allows mutations and adaptations that can aid bacteria in 
survival, to be observed and documented.  What has been found is that with antibiotics a 
population will eventually become resistant, where the applied antibiotic no longer has any 
effect (Holmstrom, 2003).  There are two main concerns with this and prawn farming.  The first 
is that while using antibiotics and killing off certain unwanted bacteria, we may be allowing other 
bacteria and viruses to thrive – ones that may be more threatening to humans and animals then 
to prawn.  The second concern is that once the unwanted bacteria have become resistant, they 
will come back stronger than ever and pose even greater problems for the prawn population and 
the ecology outside of the ponds.  
 
Lastly antibiotics, once discharged from the ponds, can build up in sediments, soils, and even 
living organisms via bioaccumulation.  This can then result in biomagnification where by the built 
up deposits of antibiotics work their way up the food chain, increasing with each level until 
potentially reaching toxic levels that can cause serious illness or death; most likely in larger 
organisms like humans. 
 
Implications: 
● Diversion is recommended over pumping groundwater. 
● Plankton is recommended over snail as feed, but their growth most be monitored and 
controlled. 
● Antibiotics and other therapeutics should be avoided. 
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VI. Scenario II: Rice Farming 
 
In theory, the development of a layered or alternate agricultural system of prawn aquaculture in 
conjunction with rice cultivation will aid in economic development in Viti Levu. The design and 
establishment of a sustainable freshwater prawn farm in rice fields will play an important role in 
the economy by reducing dependency on foreign imports and increasing food production as well 
as providing opportunities for employment for the local villagers. Researching the appropriate 
rice varietal is necessary for cultivation in the specific climate of Viti Levu. The findings of which 
rice varietal is most beneficial are dependent upon the research of climatology of Viti Levu, 
microclimate of the village, and the comparison of other rice cultivating countries which have 
similar climates. Through this comparison and research of rice cultivation in general, the 
discovery of the appropriate rice varietal(s) for farming in Viti Levu will be made apparent 
(Overton, 1988).  
              
History of Rice in Fiji 
First and foremost, the current and recent history of rice cultivation in Viti Levu, specifically the 
adoption of rice farming by village Fijians, will assist in the overall understanding of the current 
rice agricultural system.  This will include the importance of the history of rice in Fiji and the 
current status and public opinion of rice farming.  Currently, the government has been pushing 
for increases in rice farming to decrease imports and promote self-sufficiency.  Secondly, 
geography and climate of rice farming in comparable countries will be evaluated against and 
found through the baseline climatology of Viti Levu. The significant information of tropical 
climate and the weather trends are important in determining the most beneficial rice varietal to 
plant in the specific village.  Data on the environment’s climatic trends will support the argument 
for the ability to take advantage of the resources, such as rainfall and soil components, at the 
maximum efficiency.  Climate and crop planning with particular reference to rainfall will assist in 
discovering the appropriate methods and amount of irrigation systems subsequent to rainfall 
farming.  Lastly, the microclimate of the rice crop in specific to the village of Vuisiga in the 
eastern side of the island of Viti Levu will narrow down the results. This specification contributes 
to the concluding rice varietal in regards to the amount of sensible heat, water vapor, and 
carbon dioxide in the specific microclimate.  The precise spatial distribution of rainfall and 
cropping patterns, rainfall reliability in relation to crop growth, crop planning, and varietal 
characteristics allows a more in depth analysis of the most appropriate rice varietal (Overton, 
1988). Our review/analysis confirms that the most appropriate varietals are those currently 
being cultivated in Fiji. 
 
Rice Biology 
Rice, Oryza sativa, is a plant belonging to the grass family, Gramineae which has adapted to 
various environmental conditions creating many different cultivars (Biology of Rice, 2009).  Rice 
has been grown on all of the continents except Antarctica and is now cultivated as far north as 
the border between Russia and China, the Amur River, and as far south as central Argentina 
(Biology of Rice, 2009).  Rice can be cultivated in cool climates such as mountains in Nepal, hot 
deserts in Pakistan under irrigation and even in seasonally deeply flooded areas such as the 
Mekong river delta in Vietnam called floating rice farming (Biology of Rice, 2009). These 
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environmental extremes illustrate the diversity of rice including the plant’s capability to thrive in 
various soil types such as saline, alkali or acid sulphate soils (Biology of Rice, 2009). More than 
40,000 rice varieties have been reported around the world allowing for numerous societies to 
prosper by the consumption of this delicious and nutritious cereal crop.  It is the great source of 
energy and an important source of protein providing substantial amounts of the recommended 
nutrient intake for human consumption (Biology of Rice, 2009). 
 
The rice plant is an erect annual which grows to about four feet tall with smooth tapering leaves 
that are about one-half inch wide and up to two feet long (Biology of Rice, 2009). The plant has 
a hollow stem and several stalks that taper at the top of the plant which are called panicles and 
within these are spikelets that possess several rice grains within each spikelet (Biology of Rice, 
2009). Each grain has a hard outer covering, a hull, and beneath the hull are layers of bran that 
cover the starchy portion of the rice, the endosperm, and the part of the grain from which the 
new plant develops the embryo (Biology of Rice, 2009). There are three phases of growth that 
takes place within the rice plants life cycle; the development of vegetative, then reproductive, 
followed by the ripening phase (Dalrymple, 1986).  These phases should correlate with the 
environment’s climatic trends to take advantage of the resources at the maximum efficiency. 
The vegetative stage is from germination to panicle primordial initiation stage which is closely 
associated with the nitrogen content of the plant (Dalrymple, 1986).  The second stage is 
reproductive in which for about twenty five days the plant goes from the panicle primordial to the 
flowering phase (Dalrymple, 1986).  The temperature is quite important here to not rise very 
high because it can be extremely detrimental to the reproductive aspect of the plant (Dalrymple, 
1986).  The ripening phase is from flowering to maturity where sunshine should be more 
abundant to allow for more grain yield (Dalrymple, 1986). 
 
The origin of Oryza sativa has been identified using information in genetic diversity, historical 
and archaeological evidences, and geographical distribution (Khus, 1997). It is generally agreed 
that the river valley between the Yangtze and Mekong rivers is the mostly likely place of the 
primary centre of origin (Khus, 1997). It is now a staple diet for about half of the world’s 
population and over 75% of the world’s rice production is consumed by people in Asian 
countries (Khus, 1997).  The demand for rice is expected to increase further with the expected 
increase of the population in these growing countries. The domestication of rice is considered to 
have occurred in 7,000 BC as it spread and diversified to form two ecological groups, Indica and 
Japonica and three sub-series or varietal groups: Indica, Japonica and Javanica (Khus, 1997).  
These sub-series are the result of centuries of selection by man for desired quality and selection 
by nature for adaptation to new environments (Khus, 1997).   Japonica is usually found in the 
more moderate climates of Japan and Korea and is identifiable though its relatively shorter plant 
length and short, plump rice grains and when cooked, its grains are moist and slightly sticky 
(Biology of Rice, 2009). The sub-series of Javanica rice tend to have larger grains and are 
commonly found in Indonesia and the Philippines.  The Indica sub-series are more prone to 
warm, semitropical and tropical climates and are the most commonly grown rice sub-series in all 
of Asia (Biology of Rice, 2009).  This sub-series of rice is universally represented by Thai Hom 
Mali rice, also known as Jasmine rice, Basmati rice and most other long, slender grained 
varieties (Biology of Rice, 2009). Rice is commonly categorized either by length of grain or 
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amount of milling it has undergone.  Classification by the rice grain’s size is determined by short 
grain, medium grain or long grain. Short grain, having the highest starch content, makes the 
stickiest rice when cooked whereas long grain rice remains separate when cooked and tends to 
be lighter in consistency (Biology of Rice, 2009). Brown rice and white rice is a perfect example 
of rice that is classified according to the degree of milling that it undergoes. The bran has been 
separated from the endosperm and the embryo through milling and then the grains are polished, 
using talc, chalk, or glucose as an abrasive (Biology of Rice, 2009). Polished rice can be stored 
for much longer periods; however, white rice lacks nutrient content because the bran which 
contained the vitamins has been removed (Biology of Rice, 2009). 
              
The adoption of rice by Fijians did not occur until the early 1900s making the history of rice in 
Fiji relatively short.  Now, rice is the staple food for about half of the Fijian population.  Oryza 
Sativa was introduced by Indian laborers on sugar plantations primarily restricted to wetlands 
where sugar cultivation was unsuitable (Overton, 1988).  Competing with sugar production until 
the 1970s, rice cultivation on a large scale began with Fiji’s independence to pursue self-
sufficiency to generate more rural employment and raise incomes (Overton, 1988).  Price 
support, improved marketing, extension services, and land development have encouraged and 
enabled the establishment of rice farming (Overton, 1988). Over 95% of rice cultivation is 
carried out by Indo-Fijians on ethnic Fijian land (Overton, 1988).   Some of the common names 
of the rice varietals that have been cultivated over the past century are Rewa Patna, China 
Patna, Motmuria, Sareya Patna, Golka, and New Guinea (Thaman, 1990).  These were 
generally planted at the beginning of the wet season and harvested in late spring.  After the 
Green Revolution, Fiji aimed their production of rice to be more self-sufficient and began 
cultivating higher yielding rice varieties such as Bilo, Bold Grain, Uttam, and Maleka (Thaman, 
1990). Fiji has been working extremely hard to become self-sufficient rice producers, from 44% 
self-sufficient in 1981 to 60% in 1985 (Thaman, 1990).  Because rice is such a common part of 
the Fijian diet for all ethnic groups in Fiji, having a consumption rate of 64 kilograms per capita, 
Fiji aims to decrease imports of rice (Thaman, 1990). In 2003, Fiji imported about 29,176 tons of 
rice and as a result the government aims to increase rice production by 7,500 tons (Prasad & 
Narayan, 2005).  However, in 2003 Fiji was only 25% self-sufficient, with a growing population, 
the amount of rice consumed each year increases, making it that much harder to reach 100% 
self-sufficiency in rice production.  
 
Currently, there are three systems of rice cultivation in Fiji, Irrigation, Rainfed Wetland, and 
Rainfed Dryland (Prasad & Narayan, 2005).  Irrigation is a system mostly located in Navua, 
Dreketi and Bua and has accounted for 20% of total rice production (Prasad & Narayan, 2005).  
Rainfed Wetland, the dominant system of rice farming, provides 54% of the total rice production 
(Prasad & Narayan, 2005). Rainfed  Dryland is the system in which rice is only grown in the 
main season and accounts for 36% of rice production (Prasad & Narayan, 2005).  These 
systems of rice cultivation could be improved with technological methods and advances.  
 A new sustainable, technological system of freshwater fish/prawn farming in conjunction with 
rice field farming might be beneficial to increase rice production yield.  In this method, rice plants 
or paddies are partially flooded and submerged in water on agriculture land, making this method 
heavily dependent upon local water supply (Berg, 2002).   
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Rice Cultivation Process 
 
Land/ Seedbed preparation 
Soil must be tilled to a depth so plants can develop a root system which will physically support 
the plant and also allow the extraction of sufficient moisture and nutrients so yield potentials can 
be realized.  Tillage must leave the soil surface level. Level fields improve water use efficiency 
and help control crop weeds. The field also needs a drainage system that will allow the rapid 
removal of excess water. 
 
Seeding/sowing 
Direct seeding is when dry seed or pre-germinated seeds and seedlings are broadcast by hand 
or planted by machine which is usually done in rain fed and deep-water ecosystems. 
 
Germination 
To begin the germination process, the seed absorbs a certain amount of moisture from its 
surroundings. In a dry seed bed, absorption occurs after distribution through the seed being in 
contact with moist soil or being submerged in water. For seeds to make good contact with the 
soil, soil peds (clods) need to be similar in size to the seed and actually make physical contact 
with the seed. Seed soaking or seed priming prior to planting expedites the absorption process 
and is often used to increase the rate of plant establishment. 
 
In irrigated areas, seed is normally pre-germinated prior to broadcasting. Seedlings can be 
broadcast onto recently drained, well-puddled seedbeds or into pre-standing water in the fields. 
If water in the fields is muddy following the last working, the field is allowed to dry for a time 
period of at least 24 hours (preferably 48 hours) before broadcasting commences. If water is 
drained from the fields after broadcasting, it is re-introduced 10 to 15 days after establishment. 
In some irrigation areas, seedlings are broadcast post-germination with seedlings 100 to 300 
mm in length. 
 
Seed Placement 
Rice seeds must be placed close to the soil surface. When dry seeding into heavier clay soils, 
place seeds within 10 to 15 mm of the surface. If seeds are placed at depths greater than this, 
surface sealing will restrict the number of shoots that emerge and increase the time to 
emergence. When wet seeding, seeds should not sink below the puddled surface. Where 
possible the water is allowed to partially clear before seeding. This may require waiting for up to 
48 hours after puddling. 
 
Watering 
The rice crop has a semi-aquatic ancestry which is extremely sensitive to water shortage.  By 
ensuring sufficient water, farmers maintain flooded conditions in the field. Land preparation for 
flooded soils consumes more than a third of the total water required for rice cultivation. Cracks 
in the soil can cause high water loss during land preparation due to water flowing through the 
cracks.    
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Harvesting 
A rice crop usually reaches maturity at around 115-120 days after crop establishment, 
depending on the rice varietal.  Harvesting activity includes hauling, cleaning, threshing, 
handling, stacking, cutting.  
 
This is the process for cultivation of only rice but these steps would also need to be taken in a 
concurrent rice and fish/prawn farming system. 
 
Implications:  
● Soil must be tilled to a depth so plants can develop a root system. 
● Fields need a drainage system that will allow the rapid removal of excess water.  
● Seed soaking prior to planting expedites the seed absorption process.  
● Rice is extremely sensitive to water shortage, which makes the flooded rice/prawn farm 
ideal. 
● Rice reaches maturity around 115-120 days after crop establishment.  
 
Environmental Concerns of Rice Cultivation 
 
Nitrogen depletion 
Nitrogen is an essential nutrient in soils, especially for rice cultivation.  However, it is common 
for rice soils to be nitrogen deficient, so fertilizer is often required to support a rice grow.  Added 
nitrogen in soils can then be lost through processes that include ammonia volatilization, 
dentrification, and leaching.  All of which have other associated environmental impacts 
(Choudhury; 2005). 
 
Ammonia volatilization 
This is the loss of nitrogen in soils by its escape to the atmosphere as ammonia gas 
(http://www.termwiki.com/EN:ammonia_volatilization).  Rice typically utilizes nitrogen through its 
conversion to ammonia, so in turn there will be more ammonia gas to be lost from the soil to the 
atmosphere than normal. In the atmosphere it can be transported to other nearby water sources 
and cause over fertilization and eutrophication.   Ammonia typically comes from urea in animal 
manures and urea fertilizers, thus, ammonia based fertilizers should be avoided and nitrogen 
concentrations in general should be monitored.  Ammonia also commonly comes from decaying 
organic matter that is decomposed by algae and other aquatic plant life so their populations 
should be controlled as well (Choudhury; 2005). Ultimately, ammonia volitization results in the 
reduction of nitrogen content in a soil and thus less for plants to convert to nitrate (Mississippi 
State University, 2010).   
 
Denitrification  
Nitrifcation is the when ammonium in rice soils is converted to nitrate and is common among 
plants and is what rice does.  Following this basic process is Denitrification, where the nitrate 
breaks down to nitric oxide, nitrous oxide, and nitrogen gases.  All of which escape the soil to 
the atmosphere where they are dangerous pollutants.  Nitric oxide helps create ground level 
ozone and is a main component of acid precipitation.  Nitrous oxide is a hazardous greenhouse 
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gas that contributes to global climate change, which island nations like Fiji are currently 
experiencing the brunt of (Choudhury; 2005).  The goal to reduce denitrification is to reduce 
nitrification and thus the loss of nitrogen from the soil.  There are such things as nitrification 
inhibitors that can be added to the water.  Also adding urea fertilizer can also accomplish less 
nitrification, but as we have seen, urea increases ammonia volitization. 
 
Leaching  
Besides being lost to the atmosphere, nitrates can leach into the ground water supply.  If this 
water is consumed it can be very hazardous if above 10mg/L.  Health issues include respiratory 
ailments, vitamin A deficiency, methemoglobimenia, and certain cancers (Choudhury; 2005).     
 
Implications: 
● Avoid ammonia based fertilizers and monitor nitrogen content of water. 
 
 
VII. Scenario III: Rice/Aquaculture Farming 
 
Case Study: Rice/Fish Example in Bangladesh 
Some countries have already begun to apply the rice-fish system because of their favorable 
resources and climatic conditions, such as the availability of low-lying agricultural land, warm 
climate, fertile soil, and cheap and abundant labor. One of these environments that meet all of 
the requirements is the southwest portion of Bangladesh of which field research was conducted 
to observe the potential benefits or hazards to this system.   On this particular farm, two different 
types of rice varietals are cultivated in the concurrent system, boro, commonly known as winter 
rice, and aman (Ahmed & Luong-Van, 2009). Farmers cultivate boro rice during the dry season 
from January to April, because the shallow water level is ideal for boro rice to thrive in due to 
that fact that it has excessive moisture and is a late maturing rice (Ahmed & Luong-Van, 2009).  
During the monsoon season, aman rice is cultivated throughout June to October. The aman rice 
culture occurs in deep flooded water conditions with fish, having fish share the environment for 
a period about 4 months long (Ahmed & Luong-Van, 2009).  In the concurrent system, farmers 
mainly use by products from the farm to nourish the fish, such as rice bran, wheat bran and 
mustard oilcake along with the natural food that already lives in the water, phytoplankton, 
zooplankton, periphyton, and benthos (Ahmed & Luong-Van, 2009).  Concurrent farmers ended 
up having a higher aman rice yield than boro rice as the fertilizer of fish affected the aman rice 
yield for the better.  However, the rotational system is much different.  In this case, farmers 
produce fish during the monsoon season where fish are supplied and stocked from May to June 
and are then harvested primarily at the very end of the year, in December, allowing a culture 
period of around 5 to 8 months (Ahmed & Luong-Van, 2009).  Interestingly, the boro rice yield 
was slightly lower in concurrent farming than that of rotational farming. The yield of fish was 
higher in rotational farming due to higher inputs of feed and fertilizer, creating a flourishing 
environment for the fish to culture (Ahmed & Luong-Van, 2009). In addition, rotational farmers 
stocked larger young fish which could possibly have a positive effect on the growth and survival 
of the fish in general also affecting the yield (Ahmed & Luong-Van, 2009).  Comparatively, within 
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the rotational farming, larger size fish were harvested which is attributed to a longer culture 
period. 
 
Case Study: Rice/Prawn Farming in Mekong Delta  
Many farmers in the Mekong Delta in Vietnam have adopted rice-shrimp farming as a more 
sustainable and profitable form of farming as opposed to only harvesting one type of crop. In 
2000, the shrimp cultivation area was around 40,000 ha (hectare), producing about 10,000 MT 
(metric tons) of shrimp and 100,000 MT of rice. In the rice-shrimp system employed in the 
Mekong Delta, the traditional rice fields have been restructured to accommodate the shrimp, 
adding a trench along the perimeter of the field. Although this trench ultimately takes away from 
the overall available area for the rice field, the profits from the shrimp make up for the decrease 
in rice production and the flooded rice fields provide a refuge for the shrimp from predators. In 
most seasons, profits are earned on the excess rice and shrimp crops after the average 
household consumption has been accounted for. At the start of the prawn season, the rice field 
is flooded and the trenches are filled with the local canal water that has since become saline. A 
type of flapgate is used to manage the water influx into the field and the trenches in this stage. 
During the wet season, rainfall and fresh water from the rivers are used to clear out most of the 
salinity in the rice field before the new crop is planted. This process means that farmers delay 
the planting of their crops in order to ensure that the salinity of the canal water is first washed 
away by the freshwater and rains.  
 
Farmers in this region use both natural shrimp larvae found in the wild as well as stock shrimp in 
the post-larvae stages in the trenches. The post- larvae system has proven to be the most 
preferred system amongst farmers in the region, due to the lack of water exchange in this 
strategy. When using natural or wild shrimp, water is constantly being exchanged in the 
trenches, allowing for more susceptibility to diseases in the shrimp. Although the Mekong Delta 
has had trouble with the consistency in the quality and quantity of post larvae stock, farmers are 
working to improve this system as it has shown to be potentially the most sustainable option in 
the long term (Brennan, 2002). 
 
Benefits of Rice and Fish/Prawn Farming 
Through analysis and observation of the Bangladesh rice-fish/prawn farming, many benefits are 
apparent which provide a sustainable alternative to rice monoculture of which farmers can take 
advantage of the rice field ecosystem through its natural productivity. Concurrent rice-fish/prawn 
farming has proven to be an ecologically beneficial method of diversification because of many 
reasons.  First of all, fish/prawn are able to regenerate nitrogen and phosphorus to improve soil 
fertility (Ahmed & Garnett, 2010). Fish/prawn also release nutrients in the water by stirring the 
sediments in rice fields by which the fish/prawn forage and move to cause aeration in the water, 
which in fact increases photosynthesis of the rice plant which also restores oxygen to the water 
(Ahmed & Garnett, 2010). Fish/prawn also consume flies and other insects and could possibly 
help to control water-borne diseases such as malaria which is carried by mosquitoes. On the 
other hand, rice also offers advantageous aspects to the ecosystem, one of which is providing 
the fish/prawn with nutrients such as planktonic, periphytic and benthic food (Ahmed & Garnett, 
2010). Rice plants also provide shading which helps maintain the water temperature that is most 
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favorable for fish/prawn during the summer (Ahmed & Garnett, 2010).  Most importantly for 
humans and the surrounding population, rice-fish/prawn farming is a shift of production for a 
more balanced diet of rice and fish/prawn which offers nutrients, fat, and protein, all of which are 
necessary for a healthy meal.  There is also less use of fertilizers in concurrent rice-fish/prawn 
farming than rice monoculture due to the fish/prawn wastes and the extra feed given to 
fish/prawn which increase the amount of organic fertilizer in rice fields (Dewan, 1992). 
Furthermore, fish/prawn play a significant role in controlling pests. They consume the aquatic 
weeds and algae that carry diseases and also act as hosts for pests and compete with rice for 
nutrients, therefore allowing the rice plant more space and nutrients to thrive in (Dewan, 1992). 
Because of fish/prawn, farmers need less fertilizer and pesticide due to the fact that the 
fish/prawn are acting as a pesticide themselves, therefore, leading to an improved environment, 
organically (Dewan, 1992). Rice-fish/prawn farming has now been regarded as a valuable 
approach to integrated pest management (IPM) (Ahmed & Garnett, 2010).  Through the 
complementary utilization of land and water, integrated rice-fish/prawn production can optimize 
resource use, improving diversification, productivity and sustainability. Thus, concurrent rice-
fish/prawn farming is an organic method that maintains environmental sustainability.  Although 
this system of rice-fish/prawn farming proves to be beneficial for Bangladesh in this example, 
advantages must be made apparent for Viti Levu, in specific, the village of Vuisiga.  
 
Methods of Farming: Rotational or Concurrent 
There are two different known methods of rice-fish/prawn farming systems, namely, culture and 
capture. In the capture system, wild fish enter the rice fields from adjacent floodplains during the 
wet season and reproduce in flooded rice fields (Berg, 2002).  This system has much less 
human interaction with the ecosystem because the fish can naturally swim into the rice farming 
area. In the culture system, rice fields are deliberately stocked with fish/prawn, a much more 
interactive method (Berg, 2002). There are also two rice-fish/prawn farming timing methods in 
rice fields which can be classified as concurrent or rotational.  The concurrent system grows rice 
and fish/prawn together at the same time, whereas in the rotational system, rice and fish/prawn 
are grown alternately at separate times depending on the wet season (Wahab et al., 2008). 
Rain conditions are also favorable for rice-fish/prawn farming; the best thriving environments are 
areas that are located within the monsoon tropics with a high average annual rainfall (Wahab et 
al., 2008). Overall, the concurrent rice-fish/prawn culture system has been practiced in medium 
lowlands and plain-lands, whereas the rotational system is consistently applied to deeply 
flooded lowlands (Wahab et al., 2008).  
 
Trench Management 
One important modification is the deepening of part of the paddy to serve as a fish/prawn 
shelter and harvest area. The deepened areas are called trenches.  Trenches should be about 
0.5 m deep and at least 1 m wide. Ideally, no part of the paddy should be more than 10 m away 
from the trench. To maximize rice production, the trench area should not be more than 10% of 
the paddy area. Adequate water should be available to maintain a depth of 10 to 15 cm in areas 
planted with rice once fish/prawn have been introduced. This will prevent fish/prawn from 
becoming stranded in shallow areas where they are easy prey for birds. Water for rice-
fish/prawn culture must be free of toxins such as insecticides. 
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Figure 7: Concurrent Crop Structure Including Rice Cultivation and Trenches for Prawn (Lin, et 
al, 2001)  
 
● Refuge when the water level is lowered 
● Passageways for fish/prawn to find food 
● Easier harvest of fish/prawn when the paddy is drained 
 
Place screens across the paddy inlet and outlet to prevent the entry of wild fish/prawn and to 
keep stocked fish/prawn in the paddy. Welded screen wire (1 to 2 openings/ cm) set in a 
wooden (split bamboo) frame works well for this purpose. Check the screens daily and keep 
them clean to prevent the paddy from overflowing during heavy rains. 
 
Management activities for fish/prawn culture in rice paddies include stocking, fertilization, 
feeding, water quality control, harvesting, and, restocking. 
 
Implications:  
● Trenches need to be built in the ponds to serve as refuge for the prawn when the water 
is lowered.  
● Trenches also serve as passageways for prawns in order to find food.  
● Screens need to be placed in the inlet and outlet of the pond in order to prevent wild fish 
from coming in, as well as other predators and sediment.  
 
Benefits of a concurrent system: 
• Fish/prawn are able to regenerate nitrogen and phosphorus to improve soil fertility. 
• Fish/prawn also release nutrients in the water by stirring the sediments in rice fields by 
which the fish/prawn forage and move to cause aeration in the water, which in fact 
increases photosynthesis of the rice plant which also restores oxygen to the water.       
• Fish/prawn also consume flies and other insects and could possibly help to control 
water-borne diseases such as malaria which is carried by mosquitoes. 
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• Rice also offers advantageous aspects to the ecosystem, one of which is providing the 
fish/prawn with nutrients.               
• Rice plants also provide shading which helps maintain the water temperature that is 
most favorable for fish/prawn during the summer. 
• There is less use of fertilizers due to the fish/prawn wastes and the extra feed given to 
fish/prawn which increase the amount of organic fertilizer in rice fields. 
 
Disadvantages in a concurrent system: 
● Growing rice at the same time as fish/prawn reduces the density of fish/prawn due to 
less space.   
● Rice-fish/prawn culture may require more water than rice culture alone. 
● Trenches must be dug about 40 to 50 cm below the paddy bottom. This could make      
drainage difficult. Rice yield per area is usually reduced because pond space used for 
trenches cannot be used to plant rice. 
● Fish/prawn produced with the system are often small and total production is lower than 
what could be produced in a fish/prawn farm of equal size. 
● Requires more labor than rice or fish/prawn culture alone. 
 
Rotational 
 The rotational system, rice and fish/prawn are grown alternately at separate times depending 
on the wet season which is consistently applied to deeply flooded lowlands. 
Farmers produce fish/prawn during the heavy rain season where fish/prawn are supplied and 
stocked from and are then harvested, allowing a culture period of around 4 to 8 months. 
 
Benefits in a Rotational system 
●  The yield of fish/prawn is higher in rotational farming due to higher inputs of feed and 
fertilizer, creating a flourishing environment for the fish/prawn to culture 
●  Larger size fish/prawn can be harvested which is attributed to a longer culture period. 
 
Rice types 
It could be beneficial to continue growing rice varietals that are already known to grow on the 
environment, such as the varietals Rewa Patna, China Patna, Motmuria, Sareya Patna, Karia, 
Golka, and New Guinea (Thaman, 1990).  Rewa Patna or China Patna, as it is commonly 
named, is a long grained white rice which is easily cultivated in a variety of environments, 
including America where it has been named Carolina rice.  However, Boro or Aman rice could 
also be used in conjunction with prawn farming, either concurrent or rotational farming,  
because it was successful in Bangladesh.   
 
 International Rice Research Institute  
The IRRI is a nonprofit research and education center established to reduce poverty and 
hunger, improve the health of rice farmers and consumers.  This organization offers training in 
rice cultivation as well as rice seed donations to those interested in developing a rice farm.  
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Implications:  
● Fijian government has been pushing for an increase in rice farming in the villages in 
order to decrease imports and maintain self-sufficiency.  
● Primary rice types grown in Fiji today are Rewa Patna, China Patna, Motmuria, Sareya 
Patna, Karia, Golka, and New Guinea. 
● Concurrent rice/aquaculture farming is recommended, which means rice and prawn 
would be farmed at the same time.  
● In concurrent farming, prawn would serve as a fertilizer to the rice.  
● The rice would serve as a food for the prawn (periphyton system), as well as provide 
shade.  
● Implementing rice along with prawn would require more maintenance and training for 
workers.  
● Smaller yields of both rice and prawn would be produced when compared to 
monoculture of either crop, but would allow for more thorough use of land and provide 
stable nutrients through proteins and starch to the village.  
● Rice varietals that are already grown in Fiji are recommended for use. Boro and Aman 
rice may also be beneficial in the concurrent system, as it was successful in Bangladesh.  
 
VIII. Conclusion 
 
 Recommendations 
 
Fijian Culture/Division of Labor 
The structure of the farming project should follow Fijian cultural structure. High status people in 
the village need to be consulted for final decisions and the pond responsibilities will be split 
initially between the three mataqali and then further along the lines of gender roles. The most 
efficient way to go about this farming project would be for the three mataqali to rotate the 
responsibilities of caring for one large size pond. The males will participate in construction and 
maintenance of the ponds, as well as coordination for training and transport of the final product. 
The females will participate in planting the rice, feeding the fish/prawn, the harvest of each, and 
possibly the preparation of each if applicable. We are recommending a combination of rice and 
prawn farming not only because it would be the most productive use of the land, but it would 
also deter theft and predation because of the protection of the prawns provided by the rice 
stalks. This also lowers the amount of supplementary feed needed for the prawn because the 
algae that builds up on the rice serves as a natural food source. 
 
Pond Requirements 
In constructing the pond, land with a gentle slope is ideal for easier drainage and filtering of 
water.  The banks should be built up 30-60 cm over the water level and water should be about 
0.9 m deep. The pond should be lined and constructed as to prevent leakage. We recommend 
testing the permeability of the soil with the squeeze method and lining the pond with clay to 
prevent seepage. To prevent erosion, rocks can built into the bottom of the pond, and the 
addition of rice adds support through their root systems. We recommend the use of a contour 
pond since they use gravity instead of pumps to fill and drain. With this type, there would need 
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to be an inlet pipe above water level and an outlet pipe below water level. Diverting water from a 
running water source instead of pumping ground water helps to minimize environmental 
impacts. The pond should be completely drained at least once a year and allowed to dry out. To 
make a pond optimum for rice as well as prawn, trenches could be built around it to serve as 
refuge for the prawns. The water levels that are necessary for the rice could potentially be too 
low for prawn survival and the trenches would supply the water space needed. Aside from 
supplying prawn habitat, the trenches help to prevent erosion, protect against flooding, and 
maintain water quality. The soil has to be tilled prior to planting the rice seed so that they can 
develop root systems. 
 
Concurrent Prawn/Rice Farming 
In terms of conditions for the prawns, there should not be too much sediment in the pond. This 
can be taken care of by circulating water and a slit catch basin.  Dissolved oxygen should be at 
3ppm and can be monitored with an oxygen test kit ideally at the bottom of the pond. The water 
temperature should stay between 14 and 35° C and pH should be around neutral. The use of 
antibiotics should be avoided to minimize environmental risks. High ammonia levels are a 
potential threat to the prawn and can be kept down by stocking ponds slowly and feeding 
sparingly, as well as removing excess feed. Utilizing lift nets for feed can help determine the 
necessary amount of feed. Planting rice with prawns can provide a natural food source for them. 
In turn, the prawns provide fertilizer for the rice crops. Harvesting the prawns with nets is an 
efficient method because holes can be made large enough to allow immature prawns to go 
through while the market sized prawn will be caught, though this may need to be adapted with 
the rice in the pond as well. We recommend rice varietals that are native to Fiji and that have a 
similar maturation cycle as the prawns. 
 
Steps in Implementing a Prawn/Rice Farm 
● Coordination with government officials for aid programs and sales 
● Initial construction of the ponds 
● Maintenance of the ponds 
● Planting of the rice 
● Introduction of the fish/prawn 
● Feeding of the fish/prawn 
● Collection of product at time of harvest 
● Processing of rice for consumption/storage/sale 
● Transportation of fish/prawn 
 
 
Concluding Statement 
Through the past two quarters, we have felt honored to be a part of this project that could 
potentially make such a difference in the lives of the people in Vuisiga. We feel that an 
aquaculture/rice farming project in Fiji could be extremely successful if all the factors we 
mentioned are taken into consideration. The Fijian people’s commitment to community and their 
amazing work ethic will make this possible. Fiji has a great climate for this sort of production 
with its high rainfall and moderate temperature, and with all the assistance that the Fijian 
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government is willing to provide in prawn and rice farming, we feel that the people of Vuisiga will 
have the support they need to create a sustainable system of a concurrent rice and prawn farm. 
Vuisiga could be just the beginning of the practice of concurrent farming to develop rural areas 
and to reduce their dependence on foreign imports. We hope that the work we have done will 
provide the groundwork for this kind of farming in other areas as well, and that it can be 
available to continually build off of and improve as needed. 
 
  
 
 
 
Vinaka Vaklevu 
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